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ABSTRACT

Therapeutic ultrasound can be an important modtditglinician’s use to heat tissue.
Previous research has concluded that therapetriasalund treatments may be ineffective. There
are several options for parameters depending andf/freatment and desired goal. The purpose
of this study was to determine if specific paramsefer a specific desired treatment goal were
correct. The parameters included 1.0 and 3.0 negafrequencies of continuous ultrasound
treatment on 20 subjects. Tissue temperature wasumed with thermocouples in the calf. Data
analysis consisted of running a one way repeateasures ANOVA to compare sample means
as well as running t-test’s for each change in tnapire for each setting. Some subjects
reached a temperature which could be consideredpbetic and only a few subjects reached the
temperature goal. This is important for clinicidasote that every patient is different and that

parameters will differ with each machine.
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CHAPTER I. INTRODUCTION

Therapeutic ultrasound (US) is one of the most usedalities in sports medicine today.
It is documented that 79% of orthopedic specialists US at least once a week in their clinical
practice’® The US generator converts electrical energy to stamenergy by passing electrical
energy through a piezoelectric crystal located fraasducef: *® This acoustic energy generated
by the crystal causes the molecules in the patheofiltrasound to collide. This vibration can
cause a thermal and/or non-thermal resp6hsehe amount of energy that is absorbed is based
on the type of tissue being treated, the timeesdtinent, the frequency of the treatment and the
intensity being givefl.The absorption of this energy and the propertreat parameters are

necessary to have a positive effect on the tissue.

A physiological response to tissue can either bentlal or non-thermal. Thermal US
causes tissue temperature increases that resldtreased pain, increased blood flow, reduction
of muscle spasm, reduction of inflammation andeased collagen extensibility. These tissue
temperature increases are associated with thretslef/heating. To be considered a mild
treatment, tissue temperature should be increas€elsius (C)rom normal body temperature.
For a moderate treatment, an increase <& € should be reached, and for more vigorous
heating in order to increase extensibility, a terapee increase of 3°C is needefl. The
heating effect of US depends on the specific treatmparameters, the manufacture and the type
of machine being used for that treatmenthe duration should be based on treatment goals

which include the frequency, intensity, tissue tenagure increase and the treatment &tea.

Research on therapeutic US regarding its usageféectiveness is important to pursue
because there is limited data in athletic trainipre specifically, there is very limited research
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on the clinical use by athletic trainers (ATs). Tdmy published article that tests specific US
parameters from clinicians is by Demcheck and Std@emcheck and Stoffeperformed a

study observing the parameters used for therape&itrom eight local clinicians and compared
them to the recommended parameters. The recomm@agdacheters used for this thesis are
based on academic athletic training textbooksahatvritten for students to learn how to decide
treatment duration based on the frequency andsittefor specific treatment goals.(Appendix
A) A pilot study, by the researcher of this thesias performed in the spring of 2012. Athletic
trainers were surveyed to determine the paramtteystypically used with US on different
injuries and conditions. The survey consisteduwE#sgions pertaining to the population of
patients treated with US, the US units used, tmelitons treated with US and the specific
parameters used for each condition (Appendix B)e fiesults of this pilot study are the tested
parameters for this thesis, which were compareddadecommended parameters in the

textbooks.
Statement of the Problem

There are several studies which test the effeatiseiof therapeutic US and most have an
outcome that concludes there is little clinicaldarice to continue the use of &/SMost of these
studies include randomized control trials with ativee population as the subjeétsThere is a
lack of significant evidence for how US affects muisskeletal tissue after injury. Despite this
lack of evidence, US is still preferred for treatitsg but is sometimes used incorrectly on
patients1l Research is needed to find a protocol thatocanre a proper treatment using
therapeutic US on patients ** ° The first step for research on this problem itesi on

uninjured tissue to determine tissue temperatuaa@h with specific parameters.



Purpose of the Study

The purpose of this study was to determine if tlsthacommon parameters from the pilot
study of US usage by ATs reached the recommendaldbfjoncreased tissue temperature for
specific injuries.

Research Questions

1. Does a frequency of 3 MHz, intensity of 1.0 W/canid time of 5 minutes reach the goal
of increasing the target tissue temperattir€ for chronic inflammation?

2. Does a frequency of 1 MHz, intensity of 1.5 W/cardd time of 5 minutes reach the goal
of increasing the target tissue temperatui€ or reducing muscle spasm and trigger
points?

3. Does a frequency of 1 MHz, intensity of 1.5 W/candd time of 7 minutes reach the goal
of increasing the target tissue temperature’ &f I for increasing range of motion and

tissue extensibility?
Hypothesis Questions

1. There is no difference between the pilot study petars of a frequency of 3 MHz,
intensity of 1.0 W/cmz, and time of 5 minutes anéd tecommended parameters of 3 MHz,
intensity of 1.0W/crhand a time of 3.5 minutes of for chronic inflamioat

2. There is no difference between the pilot study peters of a frequency of 1 MHz,
intensity of 1.5 W/cmz, and time of 5 minutes ané tecommended parameters of 1 MHz,

intensity of 1.5 W/crfy and a time of 7 minutes for muscle spasm andérigoin



3. There is no difference between the pilot study petars of a frequency of 1MHz,
intensity of 1.5 W/cm?, and time of 7 minutes ahel tecommended parameters of 1IMHz,
intensity of 1.5 W/crh and a time of 13.5 minutes for increasing rarfgaation and

tissue extensibility.
Definitions of Terms
Absorption: The amount of energy from ultrasound that is iaikeby tissues®
AT: Athletic Trainer
Attenuated: Heat being reduced in density and force in thsug *°

Continuous ultrasound: Increases the temperature of the soft tissuadrgasing kinetic energy

of tissue molecules and constantly increasing thdyxtion of unstable cavitatidn.

Energy: This is contained within a sound beam during lamsound treatment and eventually

diminishes:> *
Healing phases: Inflammatory, proliferative and remodeling stagesegards to human tisstfe.
Intensity: A measure of the rate at which energy is beiniyeld per unit areZ.

Reflected: The bending back of electromagnetic waves whenw kit a substance. Angle of

reflection is determined by angle of treatmeht.
Refracted: The bending of electromagnetic waves when theg flarough a substante.

RCT: Randomized control trials. Subjects are randomdygaed to a treatment for an

experiment?



Therapeutic ultrasound: A therapeutic modality used for thermal or noarthal effects and is
currently used by health care professionals sudedsied athletic trainers and physical

therapists® * 8

Treatment parameters: Settings that are associated for a specific fyppalltrasound treatment

that include time, intensity and frequerfcy.

Physiological response: Response from an agent or treatment that caedrefsom within the

body?°

Pulsed Ultrasound: Ultrasound which can facilitate healing in thBammatory phase and

proliferative phase following soft tissue injul?y.
Importance of the Study

The importance of this study is to determine if toexmon US parameters from the
survey are reaching the therapeutic goal. Thigdcbelp ATs in providing information about

the parameters needed to be used for treatmerntsrasis limited research in this area.
Assumptions

1. Ultrasound machines are all calibrated properlythiedefore the outcome will be similar
in most cases.

2. ATs use US correctly most of the time.

3. Some health care professionals consider US astiefé because the correct parameters

are not being used.



Limitations

. Ultrasound machines used for this study may nahbesame as those used by ATs who
participated in the survey.

. Patients who were tested by participating ATs catipd the survey may not be similar
in body mass as the participants for this study.

. ATs perform US on injured patients, whereas, thgesats in this study will not be
injured.

. There will only be one area on the body being testehis study.

Delimitations

. Participants will be both male and female fromdb#ege population.

. Participants may not have more than 1.5cm of adipissue on the gastrocnemius.

. Participants will not be currently injured or haween injured in the previous six months
before treatment.

. The parameters that will be tested are the togethrest listed frequently from the pilot
study.

. Testing will be completed on NDSU campus in onemwauath controlled temperature.



CHAPTER Il. LITERATURE REVIEW

The purpose of this study was to determine if tlsthacommon parameters from the pilot
study of US usage by ATs reached the recommendaldbfjoncreased tissue temperature for

specific injuries This literature review will expithe use of therapeutic US on an active
population and how it may, or may not be benefigidheir rehabilitation proces#ore

specifically, the literature review will includedHollowing: Application of US, physiologic
properties, temperature change in tissue, ultrasosed for soft tissue pathology, effectiveness
of therapeutic ultrasound and dose-response reitip.

Therapeutic US is commonly used in sports mediciimécs for the treatment of soft
tissue injuries. A soft tissue injury can be defiras any injury resulting from excessive force to
muscle tissue that can disrupt the surroundingaesdibers and ligaments.Several studies
have concluded that therapeutic US is being misirselihical settings, or that it is
ineffectivel>**° Despite the lack of evidence, US is still onehaf most widely used modalities
today® Clinicians in physical therapy and athletic tramiettings are still using therapeutic US
as a heating agent for a variety of reasons inetugain control, wound healing, stretching
collagenous tissue, and reduction of trigger pdinEherefore, the current literature will be
reviewed on the use of therapeutic US and howasia therapeutic modality in sports medicine.

Applications of Ultrasound

Therapeutic US has been implemented as a treaforemusculoskeletal conditions
since 1955 Ultrasound was first introduced into sports medicas an alternative deep heating
agent to diathermy and a hot p&cihe main uses for therapeutic US were as a modalitthe
treatment of musculoskeletal pain and soft tissjey including osteoarthritis, bursitis, and

tenosynoviti<



Prevalence According to a survey completed by physical &ipgsts who were
orthopedic certified specialists, 79% reported gshrerapeutic US at least once per week;
another 45% reported using US more than ten tireesvpek’ This survey was available to four
hundred specialists from the northeast/mid-Atlarggions of the United States in the year
2007 The survey indicated that 83.6% of the physicatapists were mostly inclined to use
US to decrease soft tissue inflammation, like ligreind tendinitis. The second most common
use for US was for tissue extensibility which wegarted by 70.9% of cliniciart$.Anecdotal
evidence suggests that physical therapists whe\zelising therapeutic US is clinically
important are more likely to use it more than that® do not believe it to be clinically
important™* There is currently no literature on the prevalemce use of US by ATSs.

Physiologic Properties

Therapeutic US refers to mechanical vibrations #énatconverted to acoustic energy
through mechanical deformation. This deformat®passible with the transducer head that
holds a piezoelectric crystdl. This crystal contracts and produces a polarity it
transducer which is described as direct piezoeteetfect. It then expands and reverses polarity
which is indirect piezoelectric effect, and in tymmoduces US. When these acoustic waves are
absorbed by the tissue, it results in oscillatopyements? Oscillatory movements occur when
the acoustic waves, or sound waves, move the mekamound creating heat or altering
mechanical changes. Mechanical changes occurtatinal as well as non-thermal US
depending on the parameter setting of continuoymilsed, in addition to the intensity and time
settings:* Continuous US has an intensity that remains canhsteer time and energy is

produced 100% of the time which produces heat.th@rother hand, pulsed US creates intensity



at which has an off time that produces no US. @ljdhe average intensity is low during pulsed
US which produces mechanical effects dfly.

Thermal Ultrasound. The energy that is transported by an ultrasoniobieam the
transducer head is attenuated as it passes thtbegikin and tissu¥. When this energy is
absorbed in the tissue, it can result in thermatihg from the collisions and vibrations. The
effectiveness of continuous US vary according &odifferent types of tissue and their capacity
to absorb US. Tissues with a higher protein cdntegollagen content will absorb US to a
greater extent than tissues with higher water eur{eg. blood and fatf. When a clinician’s
goal for a treatment is to increase tissue temperathe heating categories can be broken down
into mild, moderate and vigorous heatifld heating is defined as an increase of tissue
temperature of 1°C, and is recommended to be wsedifd inflammation and to accelerate the
metabolic rate in tissue. An increase 682C, or moderate heating, is thought to decrease
muscle spasm and pain; increase blood flow; andceedhronic inflammation. For vigorous
heating and a goal to decrease viscoelastic piepat collagenous tissue, an increase of up to
3°-4° C is recommendet’® ** 1® The physiological response to heating dependa®n
maximum temperature achieved, rate of temperanerease, and length of treatmétt.has
been reported that the thermal effects of therapé&l® can be expected if the tissue temperature
increases at least@.” It has also been reported that an increasé®t8an cause tissue
damagé’® Since the treatment is temperature dependeme the formula to determine the
treatment time based on the frequency, intensitg,goal of tissue temperature increase. The
formula is the total temperature increase goaldéigiby the temperature per minute at the
appropriate frequency. For example, if the goarofJS treatment was to decrease muscle

spasm, this would be an increased tissue tempergtal of 2C. If the frequency was set at



3MHz and an intensity of 1.0 W/dythe tissue would heat up 0Bper minute. (Appendix B).
Therefore, the total treatment time would be &lidver three minutes (3.33 minutes).

Non-Thermal Ultrasound. While the thermal effects create tissue heating and
mechanical effects, non-thermal US creates mechkgitects only which include tissue repair
at the cellular level consisting of cell membratieration, vascular regeneration, wound healing,
increased protein synthesis and increased cal@arinflux? Cavitation is one of the processes
that produced the mechanical effects during thera@e&S. The process of cavitation during an
US treatment refers to activity of bubbles of gadargoing movement due to an acoustic field.
There are two types of cavitation; stable cavitadad transient cavitation. Stable cavitation
occurs when the bubbles in the tissue are beingethand are oscillating at the exact frequency
of the US treatment. This movement of the cellsasgreat enough to cause any damage to
tissue, but still creates an effect that is considehe best for injured tissue. Transient caaitat
refers to the process of the bubbles expandinddwmar size and then imploding violently,
possibly causing tissue damadget is possible to change the violent pattern getleeray US
treatment by changing the applied frequency, abasehe beam uniformity ration (BNR).

It would be most beneficial to use pulsed US duthrginflammatory phase when the US
can have a stimulating effect on the mast cellgpdts, and macrophages which have a
phagocytic roleWhen these cells are increasing in activity, trexdpeutic effects of US are
reported to have a pro-inflammatory action rathantan anti-inflammatory action. Pro-
inflammatory can be defined as an action or sulsstémat promotes the process of inflammation
rather than inhibit it® These changes in the tissue are due to radiaiioed within, which in
turn may alter the concentration gradients in titeaeellular membrane. This concentration

affects the diffusion of ions across this membraneating changes in potassium and calcium,
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which is helpful in the acute injury phafeThis is important for clinicians when deciding the
parameters that need to be set in order to hauecessful treatmerit. If enough energy is
absorbed, a process of tissue repair will mostylikecur. During a soft tissue injury repair
process, it is not advisable to use continuousry8ediately following the injury.

Ultrasound Frequencies The most common frequencies used for medicalqaa®
range from 0.8 MHz to 3 MHZ. Most therapeutic US machines are set with frecjiesnaf 1
MHz and 3 MHz. A lower frequency pushes sound wawesgreater depth in tissue, but the
waves are less focused. Three MHz affects morercipéstructures because of the attenuation
of energy as it passes through the tissue. Attemus defined as the decrease in the energy of
US as the distance it travels through incred8e<linically, a frequency of 1 MHz is reported to
be most beneficial for reaching tissues at 2.5-5ochis recommended for deeper tissue or on
patients with more subcutaneous¥aiVhereas a frequency of 3 MHz is recommended fmem
superficial tissue at depths up to 2.5 tifhree MHz heats up tissue three times faster than
1MHz, therefore the treatment time should be atshaduration than a 1 MHz treatméntt has
been reported that a frequency of 3 MHz is used witsn because most of the tissue that the
clinicians are trying to heat are more superfitial.

Half —Value Layer. It is especially important to discuss the halfne layer of
therapeutic US treatments because of the way iaffant an US treatment. The half-value layer
is the depth by which 50% of the US beam is absbnbé¢he tissue. For example, if a 1 MHz US
treatment is delivered at intensity 1.0 Wctihwill lose 50% of its energy at 2.3 centimetarsi
is now only 0.5 W/crh A study by Draper et dlhas shown that only some US is absorbed in

the tissue, and that only a portion of absorbed isesding in the treatment of that tissue.
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Draper also reported that there is no significaiféience in maximum temperature increase

between 1MHz and 3MHz frequencies.

Ultrasound Used for Soft Tissue Injuries

Ultrasound has been used for aiding rehabilitadiosoft tissue injuries, and some studies
have shown that the treatment was ineffective leathe authors unsatisfied. Many treatment
protocols include US for pain treatment in chrazoaditions, chronic inflammation, trigger
points and muscle stiffness.

Lower Extremity Pathologies With this in mind, a number of studies focusedize
treatments of the ankle, knee, heel, and Achieslon pathologies. After reviewing current
literature, Shanks et akeported that there was no evidence availableppart the use of
therapeutic US for the treatment of heel pain.nAitiation that could contribute to the results, is
that the authors failed to list specific parametertheir treatments, so their conclusion may not
be valid®> There were six placebo controlled trials thateaeited in this study that failed to
detect any statistically significant differencesviien true and sham US therapy for these
particular soft tissue injuriesMany of the studies were lacking in methodologipality which
in turn affected the validity of the studies. Anetlyuality that the research was lacking was well
designed controlled experimental designs. The éxgeerttal design should have included the
technical variables involved, and also the goats@bjectives of the treatment.

Clinicians often use US on ankle injuries with e&po pain, swelling, and range of
motion for dorsiflextion (DF), plantar flexion (PBhd postural stability. In addition, clinicians
often use US for the treatment of ankle instabdityl pathology.Ankle instability and soft

tissue damage in the ankle are some of the mostoonpathologies of injury for the physically
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active population. Lateral ankle sprains accountfoto 95% of ankle injuries and 12% of all
totally injuries of the entire body.Since ankle injuries are so common, US is usegLiizatly to
treat them, although Zammit and Henningtmeport there is no improvement between a placebo
(sham) US group and a treatment US grdugowever, the use of US along with ice led to a
larger decrease in pain and swelling when comptar@gst compression and an US treatment.
There were several flaws in the studies that weveewed, including improper blinding of
subjects, no control group and unclear US parameiéree MHz was used for the first three
treatments; with a treatment time of 10 min, arrage spatial intensity of 1:4 and the intensity
was continuous US at 0.25 W/EniThe spatial intensity is often used by clinisiao gauge
therapeutic ultrasound dosage and it is measurédfén? Three MHz was then used for
treatments four through six with a treatment tirhsi® minutes, an average spatial ratio of 1:2
with an intensity of 0.50 W/cfi? It should be noted that the patients were advisegply ice
three times a day, wear a compressive sleeve,lsogartake in exercises for stabilization of the
ankle after US treatments. The authors attributed tesults to possibly having incorrect
treatment parameters for the particular injury theyted to corre&’? Also, it is unknown

how much the ice and compression sleeves impalsteesults of this study or if the range of
motion results and pain are based solely on thérément. This is due to the subjects using ice
and having compression sleeves on after the USnesds. It is unclear as to why the authors
chose to incorporate a continuous US treatment.eSathietic training textbooks recommend
that in order to minimize the thermal effects amakimize non-thermal effects, an intensity of
0.1-0.2 W/crf with continuous US should be us@dilso, the use of additional modalities for

the ankle injury impacted the conclusion of US Ineing effective.
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A literature review by Brosseau et’alsed therapeutic US to treat patella femoral ssue
in athletes. The goal for this treatment is ofiseociated with decreasing the amount of pain
and also increasing the extensibility of the pateiéndon. This author only found one
methodologically sound article that could be useddsess the effectiveness of US. The authors
concluded that there was a greater trend towareatay pain reduction and strength increase
with the US treatment as compared to the controweVer, the controls varied from the use of
ice massage to phonophoresis and therefore, thendae inconsisteritBrosseau et &l.
concluded that there is not sufficient evidenceettommend US treatment as part of a treatment
regimen for patella femoral issues. Thus, thé@stcame to the conclusion that it is possible
the positive outcomes for this study could haventsé&ibuted to the use of ice, not the US
treatment.

Similarly, US has been reported to be the bestrirest for plantar fasciitis’ Yet, Stuber
et al’ found that US had unsatisfactory results when asealtherapy for this pathology. One
limitation of this review is that the authors catoe conclusion after reviewing one study which
used pulsed US. The parameters were 0.5 \W¥dth a frequency of 3 MHz for 8 minutes
compared to a sham US treatment performed two tanwvesek for three weeks. The results of
this study indicated that both groups experiencddaease in pain and stiffness in the affected
area, with the US group leading with a 30% decr@asgmptoms, and the sham US group with
a 25% decreasg.The decrease in pain with the sham US group goossibly be attributed to a
placebo effect. These results were not statifisadnificant, therefore the authors concluded
that US did not make a differenté’ The use of pulsed US can have very little othesmal
effects for the treatment parameters. This wasrteg&nowing that a 2° C temperature increase

for chronic inflammation is indicated. Thereforsjng pulsed US would be an incorrect
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parameter to use for plantar fascifti$:**#?°The authors concluded that US was not effective
for this particular injury and that it should na implemented into a therapy protocol. It can,
however, be implemented if used concurrently withtaer form of treatment such as stretching,
orthotics, splinting or by using the correct USgmaters: This should be taken into
consideration for clinicians. This information skebassist clinicians in effectively increasing
joint ROM for adhesive capsulitis, tendinitis, goiht contractures by using proper protoctls.
Upper Extremity Pathologies Soft tissue disorders in the upper extremity Wwhiay
be treated with US include bicipital tendinosidator cuff tendinitis and subacromial bursiffs.
Sauer§’focused on shoulder soft tissue pathologies, ttuat@whether US, when combined
with hot packs and interferential current (IFC)hances the outcomes of interventtn?
Subjects in this study had chronic soft tissuerdisis of the shoulder for at least four weeks
prior to the study. Subjects were then random$ygaed to receive a true US or a sham US.
The parameters for the true US group were 1 MHmahtensity of 1.5 W/cfand a treatment
duration of 10 minutes. According to the recommehidemula (Appendix B), the treatment
duration should be 7 minutes to reach'@ ihcrease in tissue temperature. The use of haktspa
and IFC were also used because the authors beligSetdould not have any effect without
additional intervention¥’ This is a limitation of the study because the Itsszould simply be
from the interventions of a hot pack for 10 minuteshe IFC treatment for 15 minutes. Based
on the results, the authors concluded that there me-intervention-post-intervention
differences for pain and range of motigri>*° There was an increase in range of motion in the
true US group, but the authors could not conclibdé this outcome was purely due to the use of
US. This may lead to confusion about US beingf@ntive because the results were so similar

and could have been caused by other conditions.
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In addition, there are several types of treatmetibas for patients experiencing
subacromial impingement syndrome (SAIS). Theraikhbe careful consideration when
choosing the correct intervention when trying todqarce a successful rehabilitation program. It
has been reported that the use of US was not @ptaatment for this particular pathology.
Sauer§' investigated the need for surgical interventionSAlS, versus more traditional forms
of rehabilitation including stretching, strengthemiand the use of other modaliti€sMultiple
treatments may need to be administered in ordeltdviate any problems. The results indicated
that US was not effective in two of the treatmemitéch focused on the rehabilitation of SAIS;
one containing pulsed US with no parameters listad,one which failed to list what type of US
was used?

Osteoarthritis. The use of US is not deemed ineffective byeskarch. Srbely et 4.
critically reviewed research investigating the agéherapeutic US in the treatment and
management of osteoarthritis. Osteoarthritis rssaered to be one of the most common
rheumatologic diseases and affects more than 8a#eqiopulation approximately 55 years of
age? This degenerative condition can be charactefiggdint pain, stiffness, tenderness, in
association with articular cartilage and bone mimy clinicians choose therapeutic US as a
treatment for the patients with this conditfdrnlike previous studies, the author of this
literature review paid closer attention to paramsetsd the technical details of the studies being
reviewed. Of the 16 methodologically sound papwys,reported positive effects of decreased
pain and increased range of motion in their subféctTwo of these research papers concluded
US was ineffective and one paper reported it wasnolusive. There was evidence that US had
reduced pain and increased range of motion foreaaflammation of osteoarthritis patients

which could be potentially helpful for the patieletgeriencing this condition.
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Trigger Points. Draper et af* investigated US applied over trigger points to dase
stiffness and tension. The definition of a triggemt was defined as hypersensitive areas in the
muscle and fascia which were discrete and pairifalere were two groups in this study, one
receiving US and a control group receiving no tre;att. The parameters for the US group was a
frequency of 3 MHz continuous US at an intensityt @ W/cnf for 5 minutes. Compared to the
recommended parameters, these settings would fieiexifin creating 4tissue temperature
increase to decrease trigger points. Each sulgeetved the treatments twice during the study.
The authors analyzed the data and came to theusdoet based on the change in intramuscular
temperature, pre to post, with all treatments.eR@bn of the treatment effects between sessions
were also taken into consideratidnThe results from this study support the idea thatuse of
US to produce heat in the muscle relaxed the triggat, allowing the patient to experience less
pain and have an increase in range of motion i thescle. This study was more conclusive
with the evidence because of the experimental deaigd the control of the treatments that they
administered. This supports the treatment of hgatitrigger point and relieving the patients’
pain®

Effectiveness of Therapeutic Ultrasound

A literature review by Robertson and Ba®eoncluded that there was little to no
evidence to support the use of US for treatingepdsi with musculoskeletal disorders. They
included 22 articles that were methodologicallycagee to the author’s standards, but after
careful examination of the studies, only 10 wergawed. There were several issues the authors
came across when reviewing the articles based wrplhcameters were set. These included
where US was being administered on the body andiffezent types of US machines being

used for the studi€s.Most of the studies were thrown out, because @sépotential problems,
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so the authors ultimately only reviewed two arSobd the original 22 articles. This literature
review is a good example of how inconclusive figdircan affect US research and how it can be
perceived by clinicians. There were many researtities that included US with their treatment
regiment, yet only a few were methodologically sshuffhis poses a question as to whether or
not researchers actually know the correct way ®US. Interestingly enough, US is still being
used just as much as many other therapeutic masdaftet much of the evidence is viewed as
being ineffective=*?* The literature supports US is being used, howthere is inconsistency

of parameters, and methodological rigor of studies.

Mistakes Associated With Ultrasound Use It is assumed that clinicians who use US
on a regular basis have been using it correctltheim patients. However, from the literature
reviewed, there are some discrepancies within éinarpeters of treatments. These discrepancies
could be the reason why some of the random coattatlals (RCT’s) were flawed and US was
deemed an ineffective treatment. There are sewastdkes that occurred which lead to
inaccurate US use. Some of the most common mistakkgle; having too large of a treatment
area, inappropriate treatment duration, incornegdency, ignoring the stretching window and
moving the transducer head too quickR?* A general rule of thumb for a clinician plannirog
use US is that any adjustment in the treatmennhgitiy must be countered with an adjustment in
treatment duration. Therefore, thermal US treatrsbould always be temperature dependent,
not time dependerit.

Treatment Size The application of US should be limited to aeaa?-3 times the size of
the effective radiating area (ERA) of the crystdle ERA is the portion of the transducer head
that transmits ultrasonic energy which is the sizéhe piezoelectric crystéllf the ERA rule is

not followed correctly, the temperature goal maylreached no matter if the treatment area is
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deep or superficial. Depth of the tissue beingdubatay not reach the desired level if this goal is
not considered. The ERA is always smaller thartdresducer surface, so the size of the
transducer is not indicative of the radiating scefa Other heating modalities, such as a hot
pack or a warm whirlpool, will heat a larger arbart US will, but the downside of using these
modalities is that the heat will not penetrate @spdas US. Therefore, choosing the appropriate
modality is important.

Another common mistake is using an inapproprisgatiment time for US which can
yield ineffective results. From previous reseauntimicians have been using US for either 5
minutes, or 10 minutes, which may be too shorborldng of time and the authors do not
specify the desired intensityUltrasound treatment time should be based on $sedi
temperature goal, frequency, and intensity.

Incorrect Frequency. Using the incorrect frequency for US is anotlssue that can
lead to unsuitable results for research. Usingauency of 3 MHz should be done to reach up
to 2.5cm below the surface of the skin. One MHzgbeates from 2.5 cm up to 5.0 cm, and
possibly to the depth of boridt would be assumed that most clinicians use 3 NMezause
many times the depth being treated is more supatfit/sing a high frequency would be more
beneficial for structures such as the patellaraaendnd a lower frequency would be best used on
structures such as the hamstring muscles becagigeishmore muscle to heat at a greater
depth?>! This information needs to be considered wheningg&ppropriate choices and
treatment variables for the patient. Howeverait be assumed that US machines are not all
created equal, and the frequencies of the treatmawptnot always be the same.

Stretching. It is common for a clinician to use US on a patienathlete and then send

them right out to practice or competition withoaydurther treatment. There is a false
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assumption that the heating effects from US carulaso an hout? If the goal for using a
heating modality is to heat the structure in otdestretch out collagenous tissue, then stretching
should be done immediately after the conclusiotheftreatment. If tissue is left to cool down
or if the stretch is done incorrectly, it could dage the tissue if the force is too gréddraper et
al* studied how fast the tissue cooled after an U&rrent with 1 MHz and 3 MHz
frequencie$:>*® The stretching window is defined by Drapas the time period of vigorous
heating when tissues will undergo the greatestsitdity and elongation. The results of this
study showed that the stretching window for colteges stretching was only 3.3 minutes for a 3
MHz frequency and five minutes for a 1 MHz frequgntherefore, stretching, joint
mobilization or friction massage should be perfodriremediately after an US treatmeht:
Speed The final reason that could cause discrepanaigsn the use of US is how fast
clinicians move the transducer head during a treatmlf equipment for US is not properly
maintained or calibrated properly, the clinicianynb& inclined to move the transducer faster
than necessary. This is done because older or aldsrated machines can sometimes create hot
spots and could potentially burn the patient. Threext rate that the US applicator should be
moved is 4cm per second and the movement is depeadehe beam nonuniformity ratio
(BNR).? The BNR is an indicator of the variability of imity within an US beam. Typically, if
periosteal irritation is occurring, the transduceeds to be moved faster and the intensity needs
to be decreasetf Heating an area that is too large may also cdesmovement of the sound
head to be too rapidly. This will not allow enoudB waves to be absorbed and sufficient
heating will not occur in the tissues. If thesa@t occur, it could affect the results of the

clinician goals such as the dose-response reldtijpns
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Dose-Response Relationship

If a treatment intervention is needed, there shbeld relation between the dosage and
the response outcome. The goal for researché&rdiigd this relation, so that clinicians do not
have to guess what parameters they should useSorTle problem is that there are several
variables that need to be established in orddgtod out the correct dosage for each treatrfient.
Robertsofi* examined the relevance of dosage responses indRTHe first step was to
establish if there was a dose-response relatiorishigS in clinical studie§’Several of the
studies used US from 5 minutes up to 40 minutdss mhakes it difficult to establish any
conclusions since other parameters, goal of tissu@erature change, intensity and frequency
were not reveale®. Calibration of US units is important to ensuret tihe output indicated is the
actual output from the applicat6t®> Schabrun et &f reported that there is no information
about calibrations of US machines. The lack ofrimfation about calibrations is more than likely
due to the fact that a way to test the reliabibtyJS machines was devised as recently as
2008!2°

Summary

In conclusion, it was difficult to establish whethdS is an effective or ineffective

heating therapeutic modality. Based on severdiasuand reviews, it seems that there are many

238923281t is not, however,

discrepancies in the way researchers use US agutarébasis:
appropriate to come to a conclusion that US iseffetctive overall for its heating effects.

Although many of the studies reviewed concluded tHawas not effective for a specific injury,
there seems to be a pattern in the reason why toesktions were reached. There is not one

set of parameters that should be used for a spé@fitment. There should be an established

dose-response relationship based on the patierthargbal that is trying to be reached.
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Therapeutic US creates a heating effect that wagnigssue in a set amount of time, based on
the frequency and intensity and tissue depth. &sea window of time after US is used for
collagenous stretching and tissue elongation,rretmay be a problem with clinicians ignoring
that stretching windoW® There is also an issue with the amount of time ttHis used in a
treatment session. All of these factors lead $eaech pointing to the conclusion that US is
effective in very few domains of rehabilitationh&@real issue is that US is not being used
correctly and is why it is important to comparedstparameters to the recommended parameter.
Therefore it is possible that patients are notiggthe appropriate treatment. When trying to
reach a goal for rehabilitation of soft tissuesiimportant for the clinician to take the time to

pay attention to the parameters being set, makingte be consistent with treatments and

keeping in mind the reason for why US is being egobl
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CHAPTER Ill. METHODOLOGY AND PROCEDURES

The purpose of this study was to determine if tlisthgommon parameters from the pilot
study of US usage by ATs reached the recommendadfjoncreased tissue temperature for
specific injuries. Therapeutic US was used forttkatment, and thermocouples were used to
measure intramuscular temperature change duriagrient. This chapter focuses on: pilot
study, experimental design, population, instrumgmscedures, and data analysis to test
different settings for the use of therapeutic siiand treatment.

Pilot Study

A pilot study was carried out in the spring of 204ich consisted of a survey
(Appendix B) for ATs to answer questions regardimg clinical use of therapeutic US. The most
frequent parameters answered for the questiong apeuaific injuries or conditions were the
basis for this research project. The survey coeist demographic questions about how long
they've been certified, where they work, and whatlof setting in which they currently work.
There were also questions pertaining to the US mashused (types, calibrations, etc), yes or no
guestions asking if they use US on specific coaodgi(ie: hematoma, muscle spasm, chronic
injury), and the parameters used for the specdi@aions (Appendix B). The survey was
conducted through SurveyMonkey™, an online progiramhich surveys can be created and
analyzed. Before the survey was sent out, it wast® clinical and faculty ATs at North Dakota
State University to determine face, content, antstract validity. No reliability measures were
taken due to the fact that only 2 of the 8 indialdufilled out the survey. The pilot study was
accepted by the North Dakota State University tustinal Review Board (IRB) (Appendix C).

The Research Education Foundation (REF) of theoNatiAthletic Trainer’'s Association
(NATA) was contacted in order to send the survety dine NATA was able to send 1000

emails out to ATs across the country. Includethememail sent was a cover letter (Appendix

23



D), as well as a link to the survey. (Appendix B)subjects chose to participate in the survey,
they were given a total of 5 weeks to completesiimwey. Reminders to complete the survey
were sent out every week until the end of the Skveadline (Appendix E).

The response rate for this survey was 48 out 00 00s, where 39 of them responded
that they were currently working in a clinical A&tsng, 19 in a high school, 21 in a
university/college setting and 11 in a clinic/reitigdtion facility. The average age of patients
treated with US was 19-24 years of age and thenseleighest range was 14-18 years. When
participants were asked if they use US on certaiditions, the percentage of participants who
answered yes were as follows: chronic soft tisapey 85.4%, muscle spasm/trigger point
52.1%, and tissue extensibility 52.1%. Specificapaeters for these conditions were calculated
and the mode number reported for chronic soft éissjury was 3 MHz at an intensity of 1.0
W/cn? for 5 minutes, muscle spasm/trigger point was 1zMHan intensity of 1.5 W/cifor 5
minutes, and for increasing range of motion angliBsextensibility was at 1 MHz at an intensity
of 1.5 W/cnf for 7 minutes.

Experimental Design

A crossover study design was used for this expartml he treatment conditions
depended on the results based on the pilot stuthpleted by ATs and their use of therapeutic
US. Three treatment parameters from the pilot stuele tested and used as the treatment
condition and time which include the following:fraquency of 3 MHz, intensity of 1.0 W/cm?,
and time of 5 minutes; a frequency of 1 MHz, intgnsf 1.5 W/cm?2, and time of 5 minutes; and
a frequency of 1 MHz, intensity of 1.5 W/cmz, aindd of 7 minutes. The dependent variable
was the gastrocnemius muscle temperature charagdegith of 2.5 cm with no more than 1.5 cm

adipose tissue.
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Population

A sample ofparticipants between the ages of 18-30 year ol@sahd females from
North Dakota State University were used for thiglgt A convenient sample of 20 subjects,
with no injuries to the gastrocnemius bilaterallyhw the previous six months were selected.
The subjects’ dominant leg was used for testings Was based on what the subjects use as a
dominant leg. In addition, subjects had no mora th& cm adipose tissue. Subjects were
excluded if they were currently injured, have begared in the past six months, or had any
contraindications to US. Contraindications fohartnal US treatment include acute and
postacute conditions, vascular insufficiency, thibophebitis, treatment over the eyes,
reproductive organs, pregnancy, pacemaker, malignaninfection’® Subjects were randomly
assigned to three different groups in order to teuthreats to internal validity. Groups were

balanced using a Latin square, which helped mireroizler effects.
Instruments

The Terason t3200™ Diagnostic Ultrasound (MedCdr@ I. Tampa, FL) was used to
image and measure the adipose thickness of thettéaggue area. This method has been
previously tested by Selkow et3lin a subcutaneous thigh fat assessment, compskinfpld
calipers and US imaging. Aquasonic® 100 (Parkdroatories, Inc., Fairfield, New Jersey)
ultrasound gel was applied to the 15L4 Linear (0 MHz) (MedCorp LLC., Tampa, FL)
diagnostic US transducer. The transducer withwgel placed over the target treatment area.
For the therapeutic US treatment, a recently catidar (August 12, 2012) Dynatron Solaris® 700
Series ultrasound unit (Dynatronics Corporationt Bake City, UT) with an ERA of 5cm? and a
BNR of 6:1 was used. A 20 gauge x 1.16 in. needtbeter (Cardinal Health) was used in order

to insert the 21 gauge, 1 foot thermocouple (Paggit Instruments, Clifton, NJ). The
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thermocouple was connected to the Iso Thermexreld@ctthermometer (Columbus Instruments,
Columbus, OH) which recorded and saved the intraoastemperature data. Each
thermocouple was cleansed in Cidex Plus™ 28 dayieal which is a gluteraldehyde solution,
for at least 24 hours between each treatmentsrder to treat the area that was twice the size of

the ERA, a template for the US treatment was uBke@. template was used for all participants.

Procedures

The parameters used for therapeutic US in a cliseting are varied among different
ATs. A pilot study was performed which allowed Afbsreport the different types of therapeutic
US (continuous/pulsed), frequencies, intensitiastegatment times used for different
pathologies and injuries. The top 3 parameterswieat reported from the pilot study included 3
MHz @ 1.0 W/cm?2 for 5 min, 1 MHz @ 1.5W/cm? for Smnand 1 MHz @ 1.5 W/cm? for 7
min. These settings were tested and compared tetoenmended parameters. The
recommended parameters consisted of the same fregaad intensity as the pilot study
parameters; however, the time was determined bgpeopriate formula based on the treatment
goal and condition. (Appendix A) All testing wasnepleted on the North Dakota State
University campus in the Bentson Bunker Field Hofgdetic Training Research Laboratory
(ATRL). The room temperature was controlled and thassame for each treatment. Each
subject reported to the ATRL dressed in shortpamts that were able to be pulled up to expose
the gastrocnemius. The subjects read and sigeedfttrmed consent form. The subjects laid
prone for the entire treatment. The Terason t32@dEYnostic US was used to determine
adipose thickness in all subjects before testimgrse Agquasonic ® 100 ultrasound gel was
applied to the 15L4 transducer and then the trasesduas applied to the target treatment area.
The diagnostic US screen was frozen and the skiradipose tissue thickness was measured
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using the caliper button. After adipose thickness wieasured, the tissue underneath
scanned to look for any abnormalities that wouldt@ndicate thermocouple insertion

thermal US.

The treatment areand thermocouple insertion site \ shaved to remove any body h
(if necessary) and thoroughly cleaned with Betadume then swabbed with 70% isopro
alcohol. The muscle wasbservecto identify the greatest girth for the center o theatmen
area. A carpenter’s square waaced fush against the lateraluscle belly so iwas level and a
mark was placed in line lateralyith the level at 2.5cmlhe 21 gauge flexible implantak
thermocouple wasterilized with Cidex Plus™ 28 day solution for t2durs beforwuse. Before
inserting the thermocouple witas removed from the Cidex Plus™ soluti@inied off and thei
marked at 2.5 cm and at S@andcleaned with 70% isopropyl alcohatior to insertion. A 2(

gauge x 1.16 in needle cathetas insertedoarallel to the carpenter’s square and treatmeyat

at a depth of 2.5 cm. (Figure 1)

Figure 1. Thermocouple nsertion technique with carpenter square
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Once in place, the spring loaded neewasretracted and the 21 gauge thermocol
wasthreaded into the catheter to a deptl2.5 cm and then the catheter wasioved. The

thermocouple wasecured to the leg wilmedical tape to prevent movemeritigure 2
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Figure 2. Catheter and thermocouple in muscle bell

The thermocouple wannected to the Iso Thermex electronic thermon{€elumbus
Instruments, Columbus, OH), whimeasured and recordedramuscular temperature from t
tip of the thermocoup. The thermocouples wecalibrated befor¢he study beg:. The
subjects wer@structed to relax, arto remainstill so that the muscle temperatwas able to
reach a stable temperature be the treatment bega@nce the temperature was stable for tl
minutes, the treatment begbay performing one of the threilot study paameters over th

target tissusvhich was on the posterior side of the gastrocns. (Figure 3)
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Figure 3. Ultrasoundtreatment with template

Each subject receivazhch of the three treatme, which wereperformer on three
different daysln order to counter threats to internal validitychaart in which the subjects we
counterbalanced was made which helped minimizer @ffiects. After the treatment, th
subjects weragain instructed to remaprone to record the tissue temperatiitee treatment
wascomplete when subjects reied their baseline intramuscular temperatukéter the
treatment wasomplete, the template and thermocowwereremoved, the subject’s lewas
cleaned and a bandaid wagsplied tcthe insertion area. The thermocoupdese immediately
placed in the Cidex Plus™ solution for at leash@drs before the next treatmeiThe subject
was instructed when to return for their secondthird treatmentsThere wereno more than -
10days between each of the three testing days fdr ®agect for a total of 3 wee

Data Analysis

Descriptive statistics were used for each treatroentlition pos-treatment temperature
The descriptive statistics of mean and standaréhtiem of the temperaturehang: for each of
the three settings was calculatethree on-sample t#sts were run for each treatn testing
the null hypothesis that the change in temperat@®equal to the treatment goal. A repe:

measures ANOVA was run to t whether the changes among the treatments withim @atgject
2
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were equal. All analyses were conducted using SR&& edition; Pearson Education Inc.,

Upper Saddle River, NJ).Significance was acceptea@.05.

30



CHAPTER IV. JOURNAL OF ATHLETIC TRAINING-MANUSCRIPT

Londeen, E Marika, ATC, LAT,; Gange, Kara, PhD, ATC, LAT Department of Health,
Nutrition and Exercise Science, Fargo, North DakotaNorth Dakota State University

Context: Therapeutic ultrasound is mainly used in orderedathissue for different
musculoskeletal conditions. Research on therapelitasound has shown mixed results for the
overall effectiveness based on the variety of patars used, machines used, and treatment
areas. This study was based on parameters uséthttli versus recommended parameters
based on textbook informatio@bjective: The purpose of this study was to determine if the
most common parameters, from a survey of ultrasasade by athletic trainers (ATs), reach the
recommended goal of increased tissue temperatuspézific injuries.Design: Crossover

Study Setting: Athletic Training Research Laboratory-NDRatients or Other Participants:
Twenty healthy volunteers (11 females, 9 male®rventions: Thermocouples were inserted
2.5 cm deep into the lateral gastrocnemius. Ultradovas delivered at the following settings: 3
MHz, 1.0 W/cm? for 5 minutes, 1 MHz, 1.5 W/gfior 5 minutes, and 1 MHz, 1.5 W/éfor 7
minutes. All settings were continuoddain Outcome Measures:Intramuscular temperature
was recorded every 5 seconds for 5 or 7 miniResults: Treatment one was the parameters of
3 MHz at 1.0 W/crhfor 5 minutes which produced a mean ending temperatf 36.64C +1.22
with a mean change in temperature of 03660.69. Treatment two was the parameters of 1
MHz at 1.5 W/cm for 7 minutes which produced a mean ending tentperaf 36.67C+1.08

with a mean change in temperature of 0C20.61. Treatment three was the parameters of 1
MHz at 1.5 W/cr for 5 minutes which produced a mean ending tentper@f 36.44C +1.90
with a mean change in temperature of 03680.55. Conclusions:Some of the subjects reached
a temperature which could be considered therapantmnly a few subjects reached the
temperature goal. This is important for clinicidoshote that every patient is different when it
comes to tissue heatind\so the issue arises that not every ultrasoundhmagroduces the
same result so parameters will differ with each mnee

Key words: therapeutic modalities, therapeutic ultrasouisdue temperature, thermocouple,

parameters, heat, treatment

Therapeutic ultrasound (US) is one of the most usedalities in sports medicine today.
Research on therapeutic US and its usage andieffieess is important to pursue because there
is limited data in athletic training. More specdily, there is very limited research on clinical
use by athletic trainers. The only published attblat tests specific US parameters from
clinicians is by Demcheck and StéfieDemcheck and Stoffeperformed a study observing the
parameters used from therapeutic US from eight ldgdacians and then compared them to the

recommended parameters. To determine the parantetbe examined, we surveyed the
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athletic training population on clinical US usagedhe spring of 2012. Athletic trainers were
surveyed to determine the parameters they typicaid on different injuries and conditions.
The survey consisted of questions pertaining tgth@ilation of patients treated with US, the
US units used, the conditions treated with US &edspecific parameters used for each

condition. The most common parameters used wesslraotd were the basis for this study.

There are several studies which test the effeatiseif therapeutic US and most have an
outcome that concludes there is little clinicaldarice to continue the use of §8*>1%!\Most
of these studies include randomized control tigdlan active population as the subjeétshere
is a lack of significant evidence for how US affeotusculoskeletal tissue after injury. Despite
this lack of evidence, US is still preferred faratments, but is used incorrectly on patiéhts.
Research is needed to find a protocol or protat@iscan ensure proper treatment using
therapeutic US on patients ** °The purpose of this study was to determine if tiisthsommon
parameters from the survey of US usage by ATs eshtiiie recommended goal of increased
tissue temperature for specific injuries. The regdeguestions included: Does a frequency of 3
MHz, intensity of 1.0 W/cmz?, and time of 5 minutesach the goal of increasing the target tissue
temperature 2C for chronic inflammation?, Does a frequency &z, intensity of 1.5 W/cm2,
and time of 5 minutes reach the goal of increatliegarget tissue temperaturé2for reducing
muscle spasm and trigger points?, and Does a fregued 1 MHz, intensity of 1.5 W/cm?, and
time of 7 minutes reach the goal of increasingténget tissue temperature 6£8°C for
increasing range of motion and tissue extensiBilit}yye hypothesized that there would be no

difference between the survey parameters and tdoemaended tissue temperature goal.
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Methods

Study Design.A crossover study design was used for this exparimieeatment
conditions depended on the results based on theysaompleted by athletic trainers and their
use of therapeutic US. Three treatment paramatams the survey were tested and used as the
treatment parameters which included the followidgviHz, 1.0 W/cm? for 5 minutes; 1 MHz at

1.5 W/cm?, for 5 minutes; and 1 MHz at 1.5 W/cnm2Zaninutes.

Participants. A sample of 20 subjects male and female, ages 18489 no injuries to
the gastrocnemius bilaterally within the previoixsreonths, were selected for this. The
subjects’ dominant leg was used for testing. O8lsdbjects’ data were used and 2 of the
subjects’ data from 2 treatment parameters werevethdue to a possible malfunctioning
thermocouple. In addition, subjects had no mora th& cm of adipose tissue. None of the
subjects for this study were currently injured adibeen injured during the past six months and
no subjects had any of the contraindications ferrttal US. The contraindications included
acute and postacute conditions, vascular insuffagiethrombophebitis, treatment over the eyes,
reproductive organs, pregnancy, pacemaker, malignaninfection’® Subjects were randomly
assigned to three different groups in order to teuhreats to internal validity. Groups were
balanced using a Latin square, which helped mireroizler effects. The study was approved by
North Dakota State University’s Institutional ReviBoard and participants gave written

informed consent.

Instruments. The Terason t3200™ Diagnostic Ultrasound (MedCdrl. Tampa, FL)
was used to image and measure the adipose thickh#sstarget treatment area. This method
has been previously tested by Selkow &f &.a subcutaneous thigh fat assessment, comparing

skinfold calipers and US imaging. Aquasonic® 1B@rker Laboratories, Inc., Fairfield, New
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Jersey) ultrasound gel was applied to the 15L44dri4¢.0-15.0 MHz) (MedCorp LLC., Tampa,
FL) diagnostic US transducer. The transducer, gihwas placed over the target treatment
area. For the therapeutic US treatment, calibriatédigust 2012, a Dynatron Solaris® 700
Series ultrasound unit (Dynatronics Corporatiort Sake City, UT) with the manufacture
reported ERA of 5cm? and a BNR of 6:1 was used®0Ayauge x 1.16 in. needle catheter
(Cardinal Health) was used to insert the 21 galigeot thermocouple (Physitemp Instruments,
Clifton, NJ). The thermocouple was connected tolsber hermex electronic thermometer
(Columbus Instruments, Columbus, OH) which recoraledl saved intramuscular temperature
data. Each thermocouple was cleansed in CideXYPR& day solution, a gluteraldehyde
solution, for at least 24 hours between each treatmin order to treat the area that was twice
the size of the ERA, a template for the US treatmers used. This template was used for all

participants.

Procedures.Each subject reported to the testing site dressstarts, or pants that were
able to be pulled up to expose the gastrocneniihe. subjects read and signed the informed
consent form and then laid prone for the entirattnent. The Terason t3200™ diagnostic US
was used to determine adipose thickness in alestdbpefore testing began. Aquasonic ® 100
ultrasound gel was applied to the 15L4 transdundrthen the transducer was applied to the
target treatment area. The diagnostic US scresrfneaen and the skin and adipose tissue
thickness was measured using the caliper buttaer Atlipose thickness was measured over the
treatment site, the tissue underneath was scanrledk for any abnormalities that would

contraindicate thermocouple insertion or thermal US

The treatment area and thermocouple insertiomsiteshaved to remove any body hair
(if necessary) and thoroughly cleaned with Betadamel then swabbed with 70% isopropy!
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alcohol. A carpenter’s square was placed flushregaine lateral muscle belly so it was level and
a mark was placed in line with the level at 2.5@me 21 gauge flexible implantable
thermocouple was sterilized with Cidex Plus™ 28 slalytion for 24 hours before use. Before
inserting the thermocouple, it was removed fromQigex Plus™ solution, dried off and then
marked at 5¢cm as well as at 2.5 cm and cleanedA@#h isopropyl alcohol prior to insertion. A
20 gauge x 1.16 in. needle catheter was insertgzépdicular to the carpenter’s square and
treatment area at a depth of 2.5 cm. (Figure 1)e@mplace, the spring loaded needle was
retracted and the 21 gauge thermocouple was thiteattethe catheter to a depth of 2.5 cm and
then the catheter was removed. (Figure 2) Thertbeouple was secured to the leg with
medical tape to prevent movement. The thermoconpkeconnected to the Iso Thermex
electronic thermometer (Columbus Instruments, Colusn OH), which measured and recorded
intramuscular temperature from the tip of the thecauple. The thermocouples were calibrated
before the study began. The subjects were instuct relax, and to remain still so that the
muscle temperature was able to reach a stable tatope before the treatment began. All of the
subjects’ baseline temperatures were stable wittarfirst three minutes. Therefore, each
treatment was started after three minutes of Ezsth subject received each of the three
treatments from the survey parameters which werfeipeed on three different days. After the
treatment, the subjects were again instructedrt@ne prone to record the time for the tissue to
return to baseline. After the treatment was conaplite template and thermocouple were
removed, the subject’s leg was cleaned and a bémges applied to the insertion area. The
thermocouples were immediately placed in the Cidlels™ solution for at least 24 hours before
the next treatment. The subject was instructedwtbeeturn for their second and third
treatments. There were no more than 7-10 days leeteach of the testing days for each subject

for a total of 3 weeks.
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Statistical Analysis.The descriptive statistics of mean and standardcatien of the
temperature change for each of the three settimgscaiculated. The a priori alpha value was set
at 0.05. A one-sample t-test was run for eachirtreat testing the null hypothesis that the
change in temperature was equal to the treatmeht gorepeated measures ANOVA was run to
test whether the temperature changes among thieneets within each subject were equal. All
analyses were conducted using SPSS (20th editearsBn Education Inc., Upper Saddle River,

NJ).
Results

Treatment one used the settings of 3 MHz at 1.0nWfler 5 minutes which produced a
mean ending temperature of 36.64and a standard deviation +1.22 with a mean change
temperature of 0.60 +0.89. Treatment two used the settings of 1 MHz ati/én¥ for 7
minutes which produced a mean ending temperatu8é.6f7 +1.08C with a mean change in
temperature of 0.74 +0.81. Treatment three used the settings of 1 MHz&wW/cnf for 5
minutes which produced a mean ending temperatudé.d# +1.90C with a mean change in
temperature of 0.68 +0.56. The one-sample t-test for treatment one testingtiiehypothesis
that the temperature change from this study equal€d(from the recommended temperature
change) which resulted in a t-value of t(19)=-869.001). The one-sample t-test for treatment
three tested the null hypothesis that the temperatuange from this study equale€ s well
which resulted in a t-value of t{(19)=-10.892 (XD The one-sample t-test for treatment two
tested the null hypothesis that the temperaturagdaould equal ‘€ resulted in a t-value of

t(19)=-28.35 (p<.001). The repeated measures AN@Xko¥ided no evidence to suggest there

were changes among the treatments within subjEgtg€.063, p=.939). The overall change in
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temperature for each subject aftech treatment is displayed below (Figure Average tissue
increase per minute was 0:C8for treatmenone, 0.15C for treatment twand0.14 C for
treatment three. Thevarage adipose tissue thickness for all subjectless tharl cm+0.14

(Figure 5).
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Discussion

The three settings used in this study were basedsamvey of therapeutic ultrasound use
by athletic trainers. Based on this survey, it wascluded that athletic trainers are indeed using
therapeutic ultrasound quite frequently with a wideety of settings. Clinically, a frequency
of 1 MHz is reported to be beneficial for reachirsgues at 2.5-5 cm and is generally
recommended for deeper tissue or on patients witte subcutaneous fat. A frequency of 3
MHz is recommended for more superficial tissueegitds up to 2.5 cm and will heat up tissue
three times faster than 1 MHZ.Previous research has concluded that cliniciemsising
therapeutic ultrasound on several different patiely however ultrasound is still deemed as
being an ineffective treatmef{tMany of these studies base their conclusions enthe
ultrasound treatment affects the severity of thedd@n or injury, not on tissue temperature

increasé:®'*%** Several factors may be the reason for thisainitonclusion including incorrect
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treatment parameters, having too large of a tregitare@a, moving the transducer head too
quickly and an ultrasound machine that producdsréifit outputs than what the manufacture
reports’ In this study, a template was used for the treatrarea which was measured to be 2
times the size of the ERA. Although we were ugmnegtment parameters which were not
individualized for each person, they still did meach the temperature goal change’cdrd 4

C. In this study, we made sure to account for @gBgissue thickness because it is an important
factor in how quickly tissue may heat up, but drdt seem to be an issue in this study based on
the average amount of adipose tissue for the sishjsed. This brings up the question as to why
only a few subjects met the tissue temperature goaif this was a result of a machine that is
not working properly, if a thermocouple was notdieg correctly, the process of inserting the
thermocouple by the researcher or if the paraméersach treatment were just not appropriate

for the subjects.

Previous research by Schabrun eéfaésted the power accuracy, timer accuracy as well
as reliability of different machines used in physerapy practice. It was concluded that a total
of 13 US machines were found to produce inaccyraieer outputs on all settings that were
tested. Schabrun et al. concluded that theravislespread level of machine inaccuracy,
suggesting that approximately one in every twogmas will receive an inaccurate dose than
what was originally intende@. The authors suggested that the reason for subhainid
widespread levels of US machine inaccuracy mayueeta the machine design. Another study
by Johns et at* conducted an experiment which measured clinidalesathat describe
ultrasound transducers and the difference in ER#gy and SAI at 3 MHZ! They tested
several different machines, one of which was thehme used in our study. The authors

concluded that there is a 16% to 35% intramanufactifference and a 61% difference for SAI
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values among 66 different transduc&rdhe process for testing SAl included dividing the
experimental power (W) by the experimental ERA{cwhich was then compared with the
reported SAl in the digital display of the ultrasdugenerator. The conclusion for the Dynatron
model for a 3MHz transducer was that it produceel aiithe largest ranges of normalized spatial
intensities of 0.88 to 1.19 W/cmz2. The transdudershis machine emitted ultrasound over
approximately 45%-48% of the transducer surfd@@inically, this is important because the
amount of energy being emitted may not be whatdgated on the machine and changing the
amount of time that an US treatment should be padd. This suggests that clinicians need to
pay close attention to the characteristics of @adividual unit, regardless of the manufacture.
This is also important to our study because althaug Dynatron Solaris® 700 Series
ultrasound unit (Dynatronics Corporation, Salt L&l#y, UT) was calibrated at an appropriate
time, it may not have been calibrated correctlgréifiore skewing our results. Although is it
unclear if the machine used for this study wasctese for the results, there is still the
possibility that the settings are just inapprogriabd should have more closely reflected the

recommended parameters.

The thermocouple insertion protocol for this stugas based off a previous statgnd
was controlled for each subject and treatment.pfbeess for thermocouple insertion has not
been studied a great deal and the researcher pénfpthe insertion did not have an extended
amount of experience, therefore possibly havinggative result on the reading of tissue
temperature. However, each time a thermocouplerg@rasved after the treatment it was
measured how far into the muscle it was insertebveas then recorded. The average length for
treatment one was 2.52+ 0.226 cm, treatment two2az&t+ 0.297 cm and the third treatment

was 2.58 + 0.278 cm.
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Recommended parameters are important in this siadguse it reflects what the end
results of a treatment should be and was the barsiBe original research questions. The
recommended parameters should be the total ternpelatrease goal divided by the
temperature per minute at the appropriate frequéhdihe average temperature increases for
this study were less than the recommended parasnetech made each of the time parameter
settings incorrect for the subjects (Figure 6). TBesubjects who did reach an intramuscular
temperature that could be considered therapeuti@hmaean baseline intramuscular temperature
of 36.16:1.05 C whereas the rest of the subjects had a mean@&8686°C for treatment 1,
and average baseline temperature of 3083 C for treatment 2 and an average baseline
temperature of 35.2%.79C for treatment 3 (Figure 7). It is clear that h® machine was
increasing tissue temperature, yet it was at a rslasker rate than it should have been in order
for the treatment to be effective. More importgnthis should change clinician’s settings when

using this particular machine, not completely djsrel it as a treatment option.

The rate of tissue temperature increase is impbfoarmclinicians to remember when
treating patients based on the type of machinegbgsed. The recommended parameters are
based on the Omnisound ultrasound machine and etiais machine tends to have the better
BNR of 1:8:1 and an ERA of 5.0 &ff Based on a study by Johns ef&FEjve ultrasound

machines were tested including Chattanooga, Dyna#r@mnisounds and XLTEX.
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When the Omnisounds were used at 3MHz at 1.5 oWIddr?, it produced a heating rate
per minute of 0.581.00C. The Dynatron produced an average of @g3er minute. The
machine with the lowest heating rate per minute @aattanooga with 0.3@ per minute. With
regards to our results, in order to reach our targeue temperature we would have needed more
time for the treatments. Treatment 1 would havehed the tissue temperature goal at 11.1
minutes, treatment 2 at 26.2 minutes and treat@eamtl3.3 minutes. This is based off taking our
tissue temperature goal of eithé€2r 4C divided by the average increase in temperatuseda
on our results at the appropriate frequency useath ihese results alone, it is clear that using
recommended parameters based off just one machima beneficial for clinicians and may be
the reason for ultrasound being deemed ineffeativesearch. Further research is needed based
on the results concluding that there are obviotferénces within therapeutic machines and
research which uses them. This study makes it tieheach person that receives ultrasound
will need different settings in order to reach thmperature goal. Research should be conducted
in testing all ultrasound machines for all settitm$nd the difference in temperature increase
and thus changing parameters based on the facts@ayeaot increase temperature at the same

rate as others.
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CHAPTER V. DISCUSSION, CONLUSION AND FURTHER RESEARCH

The purpose of this study was to determine if tlisthgommon parameters from the pilot
study of US usage by ATs reached the recommendadfjoncreased tissue temperature for
specific injuries. The data for this research a##dvthe following research questions to be
answered: Does a frequency of 3 MHz, intensity.0f\l//cm?, and time of 5 minutes reach the
goal of increasing the target tissue temperatuf@ r chronic inflammation? Does a frequency
of 1 MHz, intensity of 1.5 W/cm?2, and time of 5 mias reach the goal of increasing the target
tissue temperature 'Z for reducing muscle spasm and trigger points? doebs a frequency of 1
MHz, intensity of 1.5 W/cm?, and time of 7 minutesich the goal of increasing the target tissue
temperature of 34 “C for increasing range of motion and tissue extslity?? The tissue
temperature was recorded every 5 seconds at 2depth. This study was essential to
determine if these parameters are appropriatdhéodésired temperature increase for chronic
inflammation, muscle spasm and trigger points, el & range of motion and tissue
extensibility.

Summary

It is difficult to establish whether or not USan effective or ineffective therapeutic
modality based on previous research. There seims tioo many discrepancies in how
clinicians use US and the way it is studied to céonene conclusion. It is recognized that there
is not one set of parameters that should be useaal$pecific treatment, yet results from a pilot
survey for the use of US by ATs yielded resultsaliiioncluded the same parameters were used
for several of the same conditions. This createéssure when using US on patients in that they
may not be receiving the appropriate treatmemsordler to test these parameters that were

being used, a study was conducted using healthjgashio test them and determine if they were
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reaching appropriate temperature increases. Wiém@4° C as the temperature increase goal,
three different settings were used on 20 healthyests. Results of this study indicated no
significant differences between the three settagywell as significance with regards to these
three settings not reaching the temperature géd&lsand 4C. Fourteen of the subjects reached
a tissue temperature increase which could be cereidherapeutic, yet performing any type of

joint mobilizations could cause damage to the gsamd therefore should be avoided.
Conclusions

The results from this study indicated that theéhparticular settings tested did not
significantly increase tissue temperature to trerdd goal. There is limited research on tissue
temperature increase over time with US, but clamsishould be aware that a frequency of 1
MHz is reported to be beneficial for reaching tessat 2.5-5 cm and is generally recommended
for deeper tissue or on patients with more subaatas faf® A frequency of 3 MHz is
recommended for more superficial tissue at depph® 2.5 cm and will heat up tissue three
times faster than 1 MHZ.One aspect from several previous research stigdibat the
Ominsound 3000 (Accelerated Care Plus Corp. ReN® wWés the predominantly used machine
to test effectiveness and temperature increasatenps. The Ominisound is regarded to be a
high powered machine which produces significanigjhar heating rates than other US
machine€” 3 Since this study used a different machine, iinisortant to note this may produce
different results. Based on these results, clmsiusing US to treat patients should be aware of
the particular machine and settings used in cdroglavith the specific conditions they are trying
to treat. There are several possible factors asiothese three treatments did not reach the
temperature increase goal including the Dynatrdar® 700 Series ultrasound unit itself

(Dynatronics Corporation, Salt Lake City, UT), imet parameters for these particular subjects,
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incorrect reading by the Iso Thermex electronicrtiemeter (Columbus Instruments, Columbus,
OH) or the procedure for thermocouple insertiombeéncorrect. In this particular study, the
guestion remains as to whether or not the US machkias causing the insignificant temperature
change which is important for clinicians to notgaeling the machine they use in their daily

practice.

With regards to ultrasound machine accuracy, thasebeen previous research by
Schabrun et & which tested the power accuracy, timer accuraayedisas the reliability of
different machines used in physiotherapy practlewer accuracy was determined by testing 12
different settings with a “resting” period in betsveeach session. It was concluded that a total
of 13 US machines were found to produce inaccyratger outputs on all settings that were
tested. This is important to our research in régénat it is critical that the amount of power
being delivered to the tissues and the overall Bxyosed is accurate. Schabrun &t al.
concluded that there is a widespread level of nmecimaccuracy, suggesting that approximately
one in every two patients will receive an inacceit@bse than what was originally intended. It
was suggested that the reasoning for such highvadespread levels of US machine inaccuracy
may be due to the machine design. Clinically hisnportant because the amount of energy
being emitted may not be what is indicated on tlaehie and changing the amount of time that
an US treatment should be performed. This couldmg@tlly be the reason why the subjects in

this study did not reach the goal intramuscularmerature.

Another study by Johns et#Iconducted a study which had the objective to nreasu
clinical values that describe ultrasound transdsieed the difference in ERA, power and SAI at
3 MHz. They tested several different machinedutiiog the Omnisound 3000 (Acclerated Care

Plus Corp, Reno NV) and the Dynatron 300-5 (Dymattorp, Salt Lake City , UT) . The
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authors concluded that there is a 16% to 35% irdraufacturer difference and a 61% difference
for SAl values among 66 different transduc€rShe authors speculated that the differences in
the peak area of maximum BNR between differentsulaners contributed to heating rates.
When the transducers were tested for intensityudutpsults for Chattanooga transducers were
emitting 0.85 +0.05 W/cAwhereas the Omnisound 3000 transducers were egn@td9+0.11
W/cn?. This would result in the conclusion that the m@ooga group was delivering an
average of 14% less energy than the Omnisound ¥08b.en compared to another study by
Holcomb and Joyc&the Omnisound 3000 produced greater heating thémarmoXLTEX and
Dynatron 950, but based on SAI values it wouldHmught that the Dynatron would produce
higher heating rate¥. The Omnisound delivered 10.1 W over a treatmesd af 19.2 cf
whereas the Dynatron delivered 7.5 W over a treatme=a of 25.2 cfnmaking the Omnisound
to have a greater effect on heating rate over heafon. Conclusions of these research studies
are that there is variability within the differanaichines with regards to the reported ERA, the
BNR and SAI, which in turn results in different kieg rates and machine reliabily>® These
results would suggest that clinicians need to pasecattention to the characteristics of each
individual unit, regardless of the manufacturerisTdlso suggests that more research needs to be
performed to determine the rate of tissue temperangecrease for each type of machine so that
clinicians can adequately make changes to theampeters depending on the

model/manufacturer of their machine they are using.

The thermocouple insertion protocol used in thisigtis based off previous studf@g®
These studies provided information in how to insleetthermocouple using a level which is
based on depth of supposed heating, as well aevhetreatment will take place. In this study,

the depth at which the thermocouple was insertesihased off the overlap depth between
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1MHz and 3 MHz US frequencies. The amount of tlegrttocouple that was in the muscle belly
was based off where the treatment would be on tdipeoskin. It was important to make sure
each subject received the same thermocouple iasgrtotocol each treatment session. Each
time the thermocouple was removed, the length atiwihe thermocouple was inserted was
measured and noted in the data log. The averagélanhwhich the thermocouple was inserted

was close to the 2.5 cm goal and more than likehot a factor in the low temperature increases.

Although it may not have made a large differenctherresults, the baseline temperature
of each of the subjects before the US treatmergarbeould have been a reason for the low
increase in temperature during the US treatmehte 12 subjects who did reach an
intramuscular temperature which could be consid#drerthpeutic had an overall average baseline
temperature before US treatment of. 3&1L65C. For treatment one, only two subjects reached
a therapeutic increase in temperature and the gedraseline temperature for these subjects was
36.10:0.65C. This is compared to the rest of subjects feattnent one who had an average
baseline temperature of 36#B86°C. For treatment two the four subjects whahed a
therapeutic increase in tissue temperature hadenage baseline of 36.80.43 C with the
remainder of subjects having an average baselinpamture of 35.8#0.79C. Treatment three
had six subjects reach a therapeutic tissue teyperacrease and had an average baseline
temperature of 35.89.68'C while the rest of the subjects had an averagelihasemperature
of 35.75:0.79C. It is unlikely that the baseline temperaturedoy of the subjects had an impact

in tissue temperature increase after any of thereEBments.

Recommended parameters are important in this $tedsuse it reflects what the end
results of a treatment should be and were the @sike original research questions. The

recommended parameters should be the total teroperatrease goal divided by the
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temperature increase per minute at the approgriqeency. The recommended parameters are
based on textbooks written for clinicians who plamise US in their practice. Currently the
recommended parameters are based on the Omisolynsbathe parameters may be different for
those using other types of US machines. The aveemgperature increase per minute for
treatment one (3MHz at 1.0w/érfor 5 minutes) was 0.18 +0.X1. Based on the recommended
parameters, these settings should have increaseishie temperature 0@Band should have
only taken 3.33 minutes to do so. Due to the égsmperature increase per minute from this
study, the treatment should have lasted a litter @4 minutes in order to reach the goal
temperature increase of@ For treatment two (1 MHz at 1.5 w/€fior 7 minutes), the average
temperature increase per minute was 0.15 +' @.1These parameters should have increased
tissue temperature 3°C and would have taken 13.33 minutes to be suadesstording to the
recommended parameters. For this study, the tezdtsinould have lasted about 20 minutes for
the tissue temperature to reach at le&st Blot only did this not reach this goal, it isinoorrect
setting to use for this treatment goal. This isem@nt because the clinicians who used this
parameter setting for their treatments depend anhwinachine they were using for treatments
and the accuracy of that specific machine. Fothid setting (1 MHz at 1.5w/chfor 5

minutes), the average increase in temperature jmeitenwas 0.14+ 0.I8. Recommended
parameters state that the tissue temperature shautgincreased at 0@ per minute and the
treatment would have been a total of 6.33 mindtesrder for this to be effective with the
Solaris though, the treatment should have lastedihGtes to reach a temperature increase goal
of 2°C. Many of the subjects who responded to the pilady survey reported using the
Omnisound 3000 in their practice and they may be tbuse the recommended parameters.

Yet there should be established recommended pagesifet each specific machine used in each

49



setting because it is clear that using the recondediparameters for the Solaris machine used in

this study was not beneficial.

Regardless of the reason behind the low amournopérature increase for type (model)
of machine to come up with average increases, ha$éde means and standard deviations from
the results these settings/parameters were naatormhe results for the temperature increase
per minute indicate more attention should be paithé amount of time that a treatment should
be and therefore changing parameters. The outofithis research should not change
clinician’s view of US, but make them aware that settings that they may be using for a large
amount of their patient population may not be afiecin heating up the tissue for their
particular treatment goal. This is not to say thatry US machine heats up at the same rate as
the one used in this study, so caution should kentavhen deciding parameters for each patient
respectively. This could be an implication to testh US machine with regards to how fast it
heats up tissue, therefore making recommended eteeasrfor each individual US machine.
Further research should incorporate more testidgeaamination of US machines looking at
machine inaccuracy and how prevalent it actuall{frere is no doubt that therapeutic US
machines increase tissue temperature, but at \@teatind accuracy they do this is the question
clinicians need to keep in mind and should be #mdfor future research. Further research
should also incorporate testing US parameters tivéhmocouples being inserted at different
depths and on different parts of the body becatifeedifference in adipose tissue and other
anatomical structures possibly changing the outcoht4S treatments. There also should be
research which tests the frequencies and integssited in this study and perform the US
treatment until a therapeutic temperature increassached and determine the heating rate for

that machine model.
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APPENDIX A. RECOMMENDED PARAMETERS

Intensity (W/cm) 1MHz 3MHz
5C 04C 3C
1.0C ZC 6C
1.5C 3C 9C
2.0C AC 1.4C

Treatment Time= Total Intramuscular Temperaturedase (C

Temperature/Minutes at appropriate MHz
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APPENDIX B. SURVEY

* 1, How many years have you been a Certified Athletic Trainer?
|

*zm“umﬂyah:mm“ﬁhapﬂmm“mtwmt
athletic training education program?

3. If you answered YES, to the previous gquestion, have you worked in a clinical setting in
the past § years?

O‘I'll

Oﬁ:

* 4. Are you cumrently performing clinical work as an ATC?

Om

ON:

R (pemce Soery]

|

¥*5, please select your current work setting or prévious clinical work setting in the past 5
years.

Dmﬁ:hm

D UnsesrsityCotiege - O

[ umerstycanege -2
[] umarsineconege - a
[] comemes racimy
[ sosn

[ owe

D”’H

CET ERLE 1P|
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* g, What iz the average age of the population you treat with ultrazound?
D A

|:| 1418

D 1324

D 2535

D 35-55

|:| £5e

*7, Please provide the information for the ultrasound unit(z) that vou use in your current
work setting.

I Name

Manufaciune

Mg

ERA

=

3. N

Kanufactuns:

Model

ERA

=

4 Nams

Manufacture

Mode]

ERA

E.Mame

Manufachume

Mode]

ERA

E.Marme

Manufacture
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* . How often do you calibrate your ultrasound unit?

*9_For the following conditioniinjury, please indicate if you use ultrasound or not. If you
select YES, please inciude the parameters for the types of treatment including frequency,
intenszity, time, continuous or pulzed.

e =]
(e L Ll T
Bpecic CondBoniz) ord Faramesrs
=4
=

* 10. For the following condition/injury, please indicate if you use ultrasound or not. If you
select YES, please include the parameters for the types of treatment including frequency,
intensity, time, continuous or pulsed.

e L]
(B, Erar. Coetaian)
Spectc CongBoncr) o Feramaners
‘ «|
=

* 41, For the following condition/injury, please indicate if you use ultrasound or not. If you
select YES, please include the parameters for the types of treatment including frequency,
intensity, time, continuous or pulsed.

e ]
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*q2 For the following condition/injury, please indicate if you use ultrasound or not. i you
select YES, please include the parameters for the types of treatment including frequency,

intensity, ime, continuous or pulsed.
Yes

Epecifs Congtumiy; gl Farameters
=1
e
*13. For the following conditioninjury, please indicate if you use ultrasound or not. If you

select YES, please include the parameters for the types of treatment including frequency,
intensity, time, continuous or pulsed.

Yes Mo
ACuie misrton (snue O D
inlery, TarsiaTi
Speatc Sondornl and Farameters:
2|
e |

*¥14. For the following conditioninjury, please indicate if you use ultrasound or not. If you
select YES, please include the parameters for the types of treatment including frequency.
intensity, ime, continuous or pulsed.

— O O

Bpentr Comamary; e PABMELEry

= |
|
* 15. For the following condition/injury, please indicate it you use ultrasound or not. if you

select YES, please include the parameters for the types of treatment including frequency,
intensity, ime, continuous or pulsed.

Yes K
Exerzhily o T, =
aschesiort
kpecic Congmoeyi are Baramate
=]
i |
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*1&%%“ﬁﬂ:nﬁiﬁmﬁhﬂﬂhmmnﬂmnﬂﬂiﬁﬂﬂmh
therapeutic ultrasound?

L1
11T

O (SR ESE BEY)

17. Which conditiona/injuries do you perform manunl therapy (Stretching, trigger point
release, tissue extensibility) on a patient after the use of ultrasound?

|

18. What ia the number of ultrazound treatments performed before switching te another
medality er ending the treatment?
|

18, How do vou stay up to date on therapeutic ultrazound literature/research?

D BEad LESTEtuiT

D"E’l‘.ﬂn&nﬂ
Dﬂﬂm
D | 32 mai scirvely S8y ub k= Gate

e (pease merTy|
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APPENDIX C. IRB APPROVAL FOR SURVEY

NDS[,I NORTH DAKOTA STATE UNIVERSITY 7U1.231 45995

Fax 7012318098

Tnstitiitional Review Board

Offfice of the Vice President fur Ressurch, Crentiee Acticities wnd Technology Thissfes
NDSL Depe. 4000

1735 NDSU Research Preek Dedue

Bevewrch 1, P.OY. Hax 6050

Farge, ND 301086050

| P Y oy P—

el s 8

Friday, March 30, 2012

Dr. Kara Gange
Health, Nutrition & Exercise Sciences

Re:  IRB Certification of Human Research Project:

“Therapeutic Ultrasound Survey™
Protocol #HE12165

Co-investigator(s) and research team: Marika Londeen
Study site{s): varied Funding: n/a

It has been determined that this human subjects research project qualifies for exempt status (category # 2)
in accordance with federal regulations (Code of Federal Regulations, Title 45, Part 46, Protection af
Human Subjects). This determination is based on the protocol form received 3/2(02012 and
consent/information sheel received 3/20/2012.

Please also note the following:

s This determination of exemption expires 3 vears from this date. If you wish to continue the
research after 3/29/2013, the IRB must re-centify the protocol prior 1o this date.

o The project must be conducted as described in the approved protocol. 1f you wish to make
changes, pre-approval is to be obtained from the IRB, unless the changes are necessary to
climinate an apparent immediate hazard to subjects. A Protocol Amendment Kequest Form is
available on the IRB website.

» Prompt, written notification must be made to the IRB of any adverse evenls, complains, or
unanticipated problems involving risks to subjects or others related 1o this project.

» Any significant new [indings that may affect the risks and benefits to participation will be reported
in writing to the participants und the IRB,

» Research records may be subject 1o a random or directed audit at any time to verify compliance
with IRB policies.

Thank you for complying with NDSU IRB procedures; best wishes for success with your project.

Sincerely,

'_Jnc.;z‘ ) Shu {*.-,'._\_.3

Kristy Shirley, CIP, Research Compliance Administrator

oo EFEAVYTLITG
wannan R

DL moan B0 A A umheernity,
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APPENDIX D. EMAIL CONSENT FOR SURVEY

Email Consent Form

North Dakota State University
Health, Nutrition, and Exercise Sciences
Benson Bunker Fieldhouse, 1A
Fargo, ND 58102
Therapeutic Ultrasound Survey

Dear Certified Athletic Trainer,

You are being invited to participate in a reseatciuly concerning the use of therapeutic ultrasdaynd
certified athletic trainers. This survey is becunducted by Kara Gange and Marika Londeen out of
North Dakota State University and the college o@ltte Nutrition and Exercise Science. The objextiv
of this research is to attempt to understand hotifieel athletic trainers are using therapeuticagound
in their clinical practice. Although you may not @errently working in a clinical setting, we invig@u to
participate in this survey if you have worked alinical site in the past five years.

Your participation is entirely voluntary and you ynaithdraw from participating at any time without
penalty. There are no risks if you choose to piadie in this survey nor are there any costs for
participating. You are being asked to participatehis survey so that the data may be used tebett
understand what pathologies and injuries are be@ajed with therapeutic ultrasound and what sjeecif
parameters are being implemented. This survey dihaké between 5-10 minutes for you to complete.

This study is anonymous. If you do choose to piadie, please do not disclose your name or any othe
contact information. You will have a total of 5e&le to finish the survey, and reminders will bet gern
every week during that time. No one will be aldédentify you, or determine who you are based on
your responses to the survey. This survey is talyrand you are not obligated to participate. wers
will only be seen by the first and second researahd will be stored on a computer in a lockedoeffi

This study has been accepted by the NDSU InstitatiReview Board. If you have any questions about
the rights of human research participants, or if would like to report a problem, please contaet th
NDSU IRB Office at (701) 231-8908 or emaAiDSU.IRB@ndsu.eduln addition, if you have any
guestions regarding this study, you can contackBra Gange at (701) 231-5777 or
kara.gange@ndsu.edor Marika Londeen at (952) 270-0699 or marikadien@ndsu.edu.

Thank you for your time and patrticipation.

Survey Link:www.surveymonkey.com/
Sincerely,

Marika Londeen, ATC
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APPENDIX E. EMAIL REMINDER FOR SURVEY

Email Reminder

North Dakota State University

Health, Nutrition, and Exercise Sciences
Benson Bunker Fieldhouse, 1A

Fargo, ND 58102

Dear Certified Athletic Trainer,

This is a notice to remind you to please take ithe to take the therapeutic ultrasound surveywzest
previously sent to you. This is only a reminder #ngu have already taken the survey, please gisce
this message. Your participation would be greagpliyraciated.

Your participation is entirely voluntary and you ynaithdraw from participating at any time without
penalty. There are no risks if you choose to piadie in this survey nor are there any costs for
participating.

This study has been accepted by the NDSU InstitatiReview Board. If you have any questions about
the rights of human research participants, or if would like to report a problem, please contaet th
NDSU IRB Office at (701) 231-8908 or emAiDSU.IRB@ndsu.eduln addition, if you have any
guestions regarding this study, you can contackBra Gange at (701) 231-5777 or
kara.gange@ndsu.edor Marika Londeen at (952) 270-0699 or marikadien@ndsu.edu.

Survey Link:www.surveymonkey.com/

Sincerely,

Marika Londeen, ATC
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APPENDIX F. IRB APPROVAL FOR STUDY

NDSIJ NORTH DAKOTA STATE UNIVERSITY 701.231 8995

Fx 701.231.68098
Inatitutional Review Board

Fereralssade Apswrase 87 WASDH
Office of the Wiee President for Resvwrch, Crontioe Activities and Trchmalogy Transfir :3 i
NDSU Dieget. 4000

1735 NDSU Research Park Deive
Research 1, PO, Bax 6050

Fi , NI (F-S050
November 26, 2012 T

Kara Gange
Department of Health, Nutrition & Exercise Sclences

BBFH

IRB Approval of Protocol #HE13086, “Therapeutic Ultrasound: The Effectiveness of Ultrasound and the Importance

of Parameter Settings”
Co-Investigator(s) and research team: Marika Londeen

Approval period: 11/26/2012 to 11/25/2013 Contlnuing Review Report Due: 10/1/2013

Research site(s): NDSU Funding agency: nfa

Review Type: Full Board, meeting date = 11/9/2012

Risk Level: No more than minimal risk

IRB approval is based on original submissien, with revised: protocol (received 11/16/2012) and recruitment email

and consent form (recetved 11/26/2012),

Additional approval is required:

o prior to Implementation of any proposed changes to the protocol (Protocol Amendment Request Farm).

& for continuation of the project beyond the approval period (Confinuing Review/Compietion Report Form). A
reminder is typically sent two months prior to the expiration date; timely submission of the report is your
rasponsibility. To avoid a lapse [n approval, suspension of recruitment, and/or data collection, a report must
be received, and the protocol reviewed and approved prior to the expiration date,

A report s required for:
o any resedrch-related injuries, adverse events, or other unanticipated problems involving risks to participants
ar others within 72 hours of known occurrence (Report of Unanticipated Problem or Serious Adverse Event

Form).
o any significant new findings that may affect risks to participants.
o dosure of the project (Continuing Review/Completion Repart Form),

Research records are subject to random or directed audits at any time to verify compliance with |RB regulations
and NDSU policies,

Thank you for cooperating with NDSU IRB procedures, and best wishes for a successful study.

Sincerely, .
Mji"ﬁ‘l"n J f.;{l. Lz

Kristy Shirley, CIP
Research Compliance Administrator

Laitip prnpsbeed 126 700 2 257040 Fivi

BT In s BOY AA mmerarainy
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APPENDIX G. INFORMED CONSENT FOR STUDY

INFORMED CONSENT

NDSU  North Dakota State University
Health, Nutrition and Exercise Science
Benson Bunker Fieldhouse, 1A
Fargo, ND 58102

Title of Research Study: Therapeutic Ultrasound: The Effectiveness of Ultrasound and The
Importance of Parameter Settings

This study is being conducted by:
Marika Londeen-MS student in Advanced Athletic Training Program (Advisee)
Kara Gange-Faculty in Athletic Training Programs (Advisor)

Why am | being asked to take part in this research study? You are being asked to
participate in this study if you are male or female, are between the ages of 18-30 and are a
student at North Dakota State University. You will not be allowed to participate in this study if
you have more than 1.5 cm of fat on top of either your right or left calf muscle, currently have a
calf injury, have been had a calf injury in the past six months. In addition, if you have the
following conditions, you will not be allowed to participate in the study: decreased blood flow
to the calf, blood clots in the calf, decreased feeling/sensation in the calf, tumars in the calf,
infection in the calf, or a fracture of the bones of the lower leg. | If any tissue abnormalities in
the calf muscles are seen on the diagnostic ultrascund, you will not be allowed to continue with

the study.

What is the reason for doing the study?

The purpose of this study is to determine if the most commaon parameters from a pilot study of
ultrasound use by athletic trainers (AT's) reach the recommended goal of increased tissue
temperature for specific injuries. This could help athletic trainers in providing information about
the parameters needed to be used for freatments, as there is limited research in this area.

What will | be asked to do?

You will come to the Bentson Bunker Fieldhouse, room 14 wearing shorts or pants that are
able to be pulled up to expose the calf. Once you have read the consent form, asked any
guestions you may have and signed the consent form, you will lie on your stomach on a
treatment table. A diagnostic ultrasound will be placed on the skin of the calf to determine the
amount of fat tissue sitting on top of the calf muscle and to see if there are any abnormalities in
your calf muscle. If you are cleared to continue, the treatment area and needle inserlion area
will be shaved to remove any body hair (if necessary). The needle insertion area will then be
disinfected with Betadine and aleohol. '

A needle catheter (similar to a flu shot needle) will be inserted into the inside of the calf
muscle. The needle is retracted so the very small catheter is still in the tissue. A
thermocouple (very small flexible temperature probe) is inserted through the catheter into the
calf muscle and the catheter is removed. Tape will be applied on top of the skin to hold the

Tstitrinnal Heview Board
e sk b s e Lniversity 1ofd
Revised Movember 2012 RO oo s D __’ 2
APPRUNVED. Jlm.n;\
EXPIRES: PN
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Who will see the information that | give?

We will keep private all research records that identify you, Your information will be combined
with information from other people taking part in the study. When we write about the study, we
will write about the combined information that we have gathered. We may publish the results
of ihe siudy; however, we wiii keep your name and other identifying information private, Your
name and other sensitive information will be kept in the athletic training faculty's locked file
cabinet during the study and destroyed when the research is complete.

We will make svery effort to prevent anyone who is not on the research team from knm-ﬂng
that you gave us information, of what thal information is. The resulis from your uitrasound
testing will be kept under an assigned number, not your name. For example, your name will
be kept separate from your reésearch records and these two things will be stored in different

places under lock and key,

Can my taking part in the study end early? You have the option of ending g your nadicination

early, Hyou fail to show up to all sessions you may be removed from the study You will not
receive full compensation if you fail to finish the entirety of the study.

Will | receive any compensation for taking part in this study? If you choose to participate
in all three study sessions, you will receive $30.00 cash. Compensation will be pro-rated. For
instance, if you only participate in one session, you will receive $10.00 cash.

What happens if | am injured because of this research?

If you happen to get injured because of this research study, you should contact the primary
investigator, Kara Gange at (701)231-5777 regarding the injury. The primary investigator will
assess the injury and provide proper treatment or refer you fo Student Health Services for
further treatment. Treatment for the injury will be available including first aid, emergency
treatment and follow-up care as needed. Payment for this treatment must be provided by you
and your third party payer (such as health insurance or Medicare). This does not mean that
you are releasing or waiving any legal right you might have against the researcher or NDSU as
a result of your participation in this research.

What if | have questions?

Before you decide whether to accept this invitation to take part in the research study, please
ask any questions that might come to mind now. Later, if you have any questions about the
study, you can contact the researchers, Marika Londeen at (952)270-0699

marika londeen@my.ndsu.edu or and Dr. Kara Gange at (701) 231-5777 or
kara.gange@ndsu.edu.

What are my rights as a research participant?
You have rights as a participant in research. If you have questions about your rights, or
complaints about this research or to report a research-related injury, you may talk to the
researcher or contact the NDSU Human Research Protection Program by:

» Telephone: 701.231.8908

+ Email: pdsu.irb@ndsu.edu

» Mail: NDSU HRPP Office, NDSU Dept. 4000, PO Box 8050, Fargo, ND 58108-

6050.

Jof4d
Revised November 2012
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The role of the Human Research Protection Program is to see that your rights are protected in
this research; more information about your rights can be found at: www.ndsu.edu/irb .

Documentation of Informed Consent:
You are freely making a decision whether to be in this research study. Signing this form
means that

1. you have read and understood this consent form

2. you have had your questions answered, and

3. you have decided to be in the study.

You will be given a copy of this consent form to keep.

Your signature Date
Your printed name
Signature of researcher explaining study Date

Printed name of researcher explaining study

imrimrinn! Review Board
Sorth Dikada Stake Uniy
PROTOC (1, w; HE] ;ﬁ:"’

APPROVED: BRI I
EXPIRES: WS ES
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