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ABSTRACT

The effectiveness of a now ultrasound coupling mediurm,
the Gel-SHOT, compared with ultrasound gel, was assessed
by measuring tissue temperature changes in human muscle.
Thirty-eight healthy participants were randomiy assigned to
receive 1- or 3-MiHz ultrasound treatments. On different days,
participants received ultrasound treatments with ultrasound
gel or the Gel-SHOT, Implantable thermocouples were inserted
into the triceps surae muscle ata depth of 3 or 2 cm 1o measure
tissue ternperature for the 1- or 3-MHz treatments, respectively.
AL 1 MHz, the Gel-SHOT allowed for a significant temperature
increase (3.9°C = 14°C) over ultrasound gel (26°C & 1.1°0)
(P = .045). However, at 3 MHz, the Gel-SHOT (4.5°C = 1.2°C) and
ultrasound gel (4.7°C = 1.4°C) allowed for a similar temperature
increase (P = 85) The Ge-SHOT will allow for higher or simi-
tar ultrasound heating compared with ultrascund gel. {Athletic
Training & Sports Heolth Care. 2014,6(6).273-279)

Therapeutic ultrasound is inaudible, acoustic vi-
brations of a high frequency that produce ther-

mal and/or nonthermal physiologic effects.'
Ultrasound is a valuable tool in the rchabilitation of
many injuries, primarity for the purpose of raising tis-
sue temperature to obtain desived pl{ysiolegical effects.?
Ultrasound has advantages over nonacoustic heating
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modalities, such as whirlpools and hot packs. When ap-
plied correctly, ultrasound can heat deep tissues that are
high in collagen, such as tendons, muscles, ligaments,
and joint capsules, withour the possibility of overheat-
ing tissue surfaces. ™

Transmission of ultrasound occurs only through a
medinm and does not pass through air or the skin, Op-
uimal ulorasound use requires that a coupling medium
be placed between the skin and the ultrasound trans-
ducer. Transmission of ultrasound energy through one
material to another depends on the physical properties
of these materials. Thus, carcful selection of the prepa-
rations used for ultrasound transmission is required.
Some commercially prepared gels, lotions, water, min-
eral oil, and glycerin are effective coupling agents for
ultrasound.”” The 3 most commonly used ultrasound
coupling mediums are gels, for direct application;
water, for the immersion technique; and 1- o 2-cm
thick gel pads, for use over bony surfaces.?

Commercially available, water-soluble ulurasound
gel is by far the most common coupling agent used for
direct contact uitrasound application.” 1% A layer of gel
is applied to the teatment area in an amount sufficient
to maintain good contact and lubrication between the
soundhead and the skin. How much gel should be used
is a question that many clinicians have had for years,
Some report using “generous amounts,” whereas oth-
ers suggest that a thin layer be placed berween the
soundhead and the skin.!!

Water 1s a great coupling medium, bur it is not
suited for surface application because it will not stay
in place like gel. However, there are some instances
where the clinician might want to use the underwater
technique. The immersion technique is recommended
if the area to be treated is smaller than the diameter
of the available soundhead or if the weatment area is
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figure 1. The Geb-SHOT in 2-, 5 and 10-crn? sizes,

irregular with bony prominences (such as the hand).
With the immersion technique, a plastic container is
filled with warm tap water. The ultrasound head is
held 0.5 ¢m away from the skin, and the soundhead is
slowly moved.

If the treatment area is irregular but cannot be im-
mersed in water, a gel pad can be used as a mediun. A
gel pad resembles a gel-filled clear hockey puck. Twe
studies suggest that ultrasound gel pads are as effective
as ultrasound gel'®? In another study,’ 2 thicknesses
of the gel pad were tested against ulirasound gel. The
2 thicknesses were the waditional 2-em thick pad and
the 1-cm thick pad. Ultrasound using the 1-cm gel pad
heated the tissue one-third higher than the 2-em gel
pad; however, ultrasound gel still heated the tissue the
highest. With this in mind, Rich-Mar Corp (Chatta-
noogs, Tennessee) developed the Gel-SHOT.

The Gel-SHOT is a small disk thas comes in 2-, 5-,
and 10-cm? sizes (Figure 1). With an adapter that is at-
tached to the soundhead, the Gel-SHOA fits firmly on
the face plate of the ultrasound head. As stated, many
clinicians use either too much gel or not enough, and
thus the distance between the skin and the soundhead
1s not consistent. Consequently, the dosage of ultra-
sound is compromised.* The Gel-SHOT is 3-mm
thicks, which provides optimal coupling between the
soundhead and the skin. In theory, this results in a
consistent dosage of ultrasound to the treatment site.

The current study aimed to determine how the Gel-
SHOT compared with ultrasound gel as a coupling
medium. We surmised thar the best couplant would
deliver more ultrasound energy to the tissue, which
would resuit in higher tissue temperatures. Therefore,

the purpose of our study was to assess the effectivencss
of the Gel-SHOT as a coupling medium compared
with ultrasound gel, by measuring tssue temperature
changes in the triceps surac musele during a 10-minute
ultrasound wreatment.

METHOD

We used a 2X2X2%20 repeated measures crossover
design for temperature heating. The dependent vari-
able was tissue temperature of the wiceps surae muscle
group measured zo the nearest 0.1°C. The independent
variables were 2 levels of treatment conditions {Gel-
SHOT and vitrasound gel), 2 fevels of treatment loca-
tion (posterior and medial calf}, 2 levels of ultrasound
frequency {1 and 3 MHz), and time. Time was measured
at pretreatment baseline and then at 30-second intervals
during the 10-minute treatment (20 points).

Participants

We recruited 38 participanzs for the study (22 men,
15 women; mean age = 23.1 % 3.6 years; mean height =
177.4 £ 10.6 cmy; mean mass = 782 = 42.0 kg). Each
participant was screened for disqualifying conditions
that included pregnancy, infection, fever, or mjury to
the triceps surae area in the past 2 months. During the
study, all participants were fully compliant, and we did
not have ro terminate any treatment. All participants
provided written, informed consent, and the study was
approved by the institutional review board.

Instruments

Implantable IT-21 thermocouples (Physitemp Instru-
ments Inc, Clifron, New Jersey) were plugged into an
electrothermometer {Iso-Thermix; Columbus Instru-
ments, Columbus, Chio) to instantaneously record
tissue temperatures. The reliabilicy and validity of the
IT-21 thermocouples and Iso-Thermix clectrother-
mometer have been deseribed previously.!!® We used
a musculoskeletal imaging ultrasound (LOGIQ e Gen-
eral Electric Company, Fairfield, Connecticut) to verify
the depth that each thermocouple was placed. The ther-
apeutic ultrasound device was manufactured by Rich-
Mar Corp and has an effective radiating arca of 5 em?
and a beam nonuniformity ratio of 5.5:1. .

Procedures ‘
The same techmque used in several modality tempera-
ture studies was used to measure deep muscle tempera-
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Figure 2 Verification of thermacouple depth via musculoskeletal im-
aging ultrasound.

tures.'*"? Participants were instructed to refrain from
exercise for at least 4 hours before testing. Participants
were randomly assigned to receive either 1- or 3-MHz
ultrasound treatments on the posterior or medial surface
of triceps surac muscle group throughout their partici-
pation in the study. We examined 2 treatment locations
to undefstand whether a difference in muscle heating
between the Gel-SHOT and ultrasound gel would oc-
cur in both nongraviey- and gravity-dependent posi-
Hons.

Participants lay prone on a weatment table. The calf
muscles served as the target tissue. Bach treatment was
to be 2 times the size of the soundhead. To ensure this,
we used a sterile, felt tip marker to trace an area 2 times
the size of the soundhead on the pesterior aspect of
the calf. After this, we used a small carpenter square
to measure perpendicularly from an already-marked
line on the posterior skin surface to a 2- or 3-cm
(actual depth = 1.9 * 0.1 or 2.9 = 0.1 cm) posterior-
to-anterior distance on the medial side of the calf for
the 3- or 1-MIz treatments, respectively. A dot was
placed on the skin on the medial side of the triceps
surae at the desired distance.

The skin over the insertion site was prepared us-
mg an iodine swab and was wiped clean using an iso-
propyl alcohol preparation pad. A 20-gauge, 1.88-inch

SHGT Versus Traditional Ultrasound Gel

Flgure 3. Insertion of thenqocouple via the catheter.

(2.54-cm) catheter (BID Medical, Franklin Lakes, New
Jersey) was horizontally inserted av the desired depth
into the medial aspect of the wiceps surae. The depth of
the catheter insertion was verified to be within 0.2 cm
of the desired depth using the musculoskeletal nmag-
ing ultrasound (Figure 2). Next, we inserted one 1T-21
thermocouple via the catheter. We slowly removed the
catheter, leaving the thermocouple intact (Figure 3).
The catheter was removed to expose the end of the
thermocouple so that proper intramuscular tempera-
ture could be obtained. If not removed, the catheter
would have covered the thermocouple and interfered
with its ability to properly measure tissue tempera-
ture. The thermocouple was secured to the skin with
clear medical tape; it was attached to an Iso-Thermix
electrothermometer and set to measure tissue tempera-
wure every 30 seconds. The baseline temperature was
recorded and reached when the temperature did not
change more than 0.5°C over a L-minute period. For
treatments located over the medial triceps surae, the
same procedures were used, but the desired depth was
measured from a medial to lateral distance on the pos-
terior side. The catherer was then vertically inserced
into the posterior triceps surae.

Ultrasound Treatment

We used a random draw to determine which couphing
medium was to be used during the first and the second
visit. One-half of the participants had the ulirasound gel
treatment first followed by the Gel-SHOT treatment at
their second visit. The other half had the Gel-SHOT
first, followed by ultrasound gel. At least a 48-hour
recovery period was between visits. After the baseline
temperature was reached, we began the ultrasound wreat-
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FHgure 4. Ultrasound treatment (treating an area 7 times the size of the
soundhead al a speed of approximately 4 cm/sed) using ultrasound
el

ment. For 1-MHz treatments, the following parameters
were used: continuous mode, 1.5 W/om?, 10 minutes.
For 3-MHz treatments, the following parameters were
used: continuous mode, 1.0 W/em?, 10 minutes. Fach
treatment involved treating an area 2 times the size of
the soundhead at a speed of approximately 4 cm/s. For
the gel treatment, approximately 5 mL of ultrasound gel
was applied to the site (in the tracing) once at the start
of the treatment, and a second 5-mL allocation of gel
was applied midway through the treavment (Figure 4).
As the soundhead was moved back and forth in the
tracing, the ultrasound gel started to move beyond the
margins of the tracing. Therefore, to ensure proper cou-
pling during the treatment, the soundhead was lifted off
the skin to retrieve the escaping gel into the treatment
area. This happened approximately once per minute.
Methods for the Gel-SHOT treatment were identical,
except that retrieval of the gel was not needed. Afrer the
10-minute treatment, the thermaocouples Were removed,
the treatment and insertion areas were cleansed, and an
adhesive bandage was applied over the insertion site.

Statistical Analysis

For all data, tssue temperature change was calculated
as the difference between measured temperatures minus
baseline, Initially, a 2X2 (coupling medium X trearment
location) mixed mode! analysis of variance was used to
determine whether the heating characteristics of the 2
coupling mediums were different in a nongravity- (pos-
terior treatment location) or gravicy-dependent {medial
treatment Jocation) position. However, for both the 1-
(P =.99) and 3-MHFz (P = 46) treatments, no difference
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Figure 5. Increase of intramuscular (IM) temperature {mean + 1 SE
during T-MHz ultrasound treatments using the Gel-SHOT and ultra-
sound (US) gel. The Gel-SHOT aliowed for a greater tissue heating
rate over uitrasound gel (P = .0002). " Indicates significant differences
at individuat time points between the Gel-5HOT and ultrasound gel
(P = 05} P

was found in tssue heating at 2 different locations with-
in the same coupling mediam, Therefore, we combined
the data for the different locations into a single variable.
We used a 2X20 {coupling mediunt X time) repeated |
measures analysis of variance to determine statistical
differences between the Gel-SHOT and ultrasound
gel over the course of the ultrasound trearment. We
used a Tukey-Kramer post hoc test to determine indi-
vidual differences. Different analyses were performed
for each ulirasound weatment frequency. We used JMP

Pro 10 (SAS Inc, Cary, North Carolina) for all statisti-

cal analyses, and alpha was setat P < .05,
RESULTS

1-MHz Treatment

On average, the Gel-SHOT allowed for a 3.5°C =
1.6°C temperature increase, whereas the ultrasound gel
treamment allowed for a 2.3°C + 1.2°C temperature in-
crease. The Gel-SHOT allowed for temperatures 34.3%
higher than the gel technique (Figure 5). A significant
coupling medium X time interaction occurred, where
the Gel-SHOT significantly allowed for an increase in
temperature at a greater rate than the ulrasound gel
(P = 263, P = .0002).

3-MHz Treatment J

On average, the Gel-SHOT allowed for 2 5.1°C +

1.4°C remperature increase, whereas the ultrasound gel
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treatment allowed for a 4.6°C = 1.3°C temperature in-
crease. The Gel-SHOT aliowed for temperatures 9.8%
higher than the gel technique (Figure 6); however, the
Gel-SHOT did not significantly increase tissue temper-
ature over the ultrasound gel during the course of the
ultrasound treatment (coupling medium X time interac-
tion) (Fy, 3 = 0.88, P=.62).

DISCUSSION _ -
The results of the current study found that the Gel-
SHOT is more effective than ulrasound gel during a
1-MHz treavment at transmitting ultrasound energy to
increase muscle remperature, However, no statistical
difference in muscle heating was found when the Gel-
SHOT and ultrasound gel were used during 3-MIHz
treatments. The authors hypothesize that the difference
found during the 1-MHz, but not the 3-MHz, weat-
ment is associated with energy transmission.

As ulrasound energy is delivered to the tssue, it
is reflected, refracted, wansmitted, or absorbed. For
the ultrasound energy to be converted into tissue heat-
ing, it must be absorbed. No thermal or nonthermal
effect will occur during the ultrasound treatment if the
majority of the encrgy is reflected, refracted, or trans-
mitted through the tissues.™ Ulirasound coupling
mediums are designed for the ultrasound energy to be
transmitted through the medium and absorbed by the
target tigsue, The Gel-SHOT has 3 main characteris-
tics that may aid in proper transmission of the ulura-
sound energy.

The first characteristic is that the Gel-SHOT stays
in full contact with the treatment area throughout the
entire treatment. This is because the Gel-SHOT fits
inside a small well on the soundhead face phate. How-
ever, ultrasound gel does not fit in a gel well and is con-
stantly pushed out of the way, thus requiring the clini-
cian to lift the soundhead from the target tissue and
“scoop” the gel back onto the treatment area. It was
hypothesized that this act would reduce the amount of
energy transmitted to and absorbed by the target tissue
during the treatment. In addition, more energy would
be reflected or refracted away from the targert issue. 1f
significant reflection and refraction of the cutputted
ultrasound energy is detected by the device, it may re-
duce its power output.* This would significantly alter
the heating capacity of an ulgrasound treatment.

'The second characteristic of the Gel-SHOT is that
it is a constant 3 mm thick, ensuring that the same

G- SHOT Versus Traditional Utrasound Get
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Figure 6, Increase of intramuscular (M} temperasture {mean = 1 50)
during 3-Mhbiz vluasound [US] reatmenis using the GetSHOT and ui-
trasound gel. There was no difference in tissue heating between the
Gel-SHOT and uitrasound gal (7= G2).

amount of ultrasound couplant is used between the
skin and the soundhead. However, ultrasound gel is
compressed to a thin amount as the applicator head
comes into contact with the gel. This more uniform
depth of the Gel-SHOT should resultin more uniform
heating of the tissue.

The third characteristic of the Gel-SHOT is that it
is not as messy as traditional ultrasound gel. This mighz
Jead to cost savings in laundering of towels and prevent
gel from staining clothing in close proximity to the gel.

On average, ulirasound delivered at 3 MIz is ab-
sorbed more in the superficial tssues, and {-MlIix
ultrasound is absorbed more in the deeper tssues.'**
That is why we had the probe inserted at a depth of
2 cm for the shallow 3-MIHz treatment and 3 cm for
the deeper 1-MHz treatment. Why did such differ-
ences oceur in the heat produced from the Gel-SHOT
at the 2 frequencies? It may have o do with the beam
profile. The 3-MHz beam is collimated, whereas the
1-MHz beam diverges.?* The authors hypothesize
that a statistical difference between coupling medi-
ums (Gel-SHOT and ulirasound gel) during 3-MIz
treavments was not found because both medivms
maintained an appropriate effective radiating area at
the shallower depth {2 cm). However, during 1-MHz
treatments, the uniform consistency of the Gel-SHOT
(3 mm) produced better coupling than the ultrasound
gel, with less reflection or refraction at the deeper
depth where the beam diverged (3 cm).

A discrepancy exists regarding how much ultra-
sound gel should be applied between the soundhead
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and the skin. Cameron and Monroe® used 5 mm of gel
thickness when comparing the transitivity of several
ultrasound coupling media. However, those authors
stared that the amount of gel between the transducer
and the skin does not matter. They continved that
only a small amount of gel {0.5 mm thick) between the
transducer and the skin is needed. Although this hy-
pothesis as never been tested,. it seems reasonable to
assume that consistent thickness of the coupling me-
divm would result in consistent delivery of ultrasound
energy. The thickness of the Gel-SHOT is consistent,
never changing its size or uniformity, allowing for
consistent transmission of ultrasound energy. In the
current study’s comparisofr to the Gel-SHO'T, 2 ap-
plications of 5 mL of ultrasound gel were used: 1 av the
start of the treatment and the other halfway through
the treatment, We noticed that as the soundhead was
placed on the gel, the gel thickness decreased. It was
also noticed that the gel began to run, thus requiring
retrieval of the gel back to the target tissue several
tmes during the treatment,

Several other studies have tested the effectiveness of
different-thickness uitrasound gel pads on increasing
the tissue temperacure. Initial studies found thar the
heating capacity of ultrasound treatments were simi-
lar to 2-cm ultrasound gel pads and ultrasound gel. 192
However, a more recent study found that a 2-cm gel
pad was not as effective as ultrasound gel,'* less thick
ultrasound gel pads (1 em) allow for greater tissue heat-
ing than 2-cm gel pads, and ultrasound gel allowed for
the greatest tissue heating. The thickness of the Gel-
SHOT (3 mm) allows for at least equal or superior tis-
sue heating during 1-MIHz treatments, compared with
ultrasound gel.

It has been suggested that the appropriate size of
the ultrasound treatment area is 2 to 3 times the size
of the soundhead.'%2122 Ag ultrasound is applied using
gel, the gel starts to be pushed beyond the borders of
the treatnrent area. This can result in the clinician treat-
g too large of an area as the soundhead is moved 1o
retrieve the escaping gel. The Gel-SHOT’s shape and
consistency allows for a stable treatment area, thus
producing and maintaining ideal treatment sizes.

The authors of the curreat study chose to compare
the thermal effects of ultrasound delivered through the
Gel-SHOT, compared with ultrasound gel, by mea-
suring changes in triceps surae temperature. This study
provides clinicians with a guide to the Gel-SHOT as a

coupling medium when temperature based treavment
goals are used, The tssue temperature of healthy
Liuman participants was measured, and it was assumed
that similar temperature rises would occur with in-
jured patients if biood flow was not compromised. 1f
an Institutional review board would approve it, similar
studies should be performed on injured patients. Due
to the mequality ameng ultrasound devices, the cur-
rent results should be Inferred only to the Rich-Mar
Corp ultrasound device.” Future research may deter-
mine the effectiveness of the Gel-SHOT on increasing
tissue temperature during ultrasound treatments witch
different devices.

IMPLICATIONS FOR CLINICAL PRACTICE

The ultrasound coupling medium is a factor in the trans-
mission of ultrasound energy to allow for adequarte tis-
sue temperature increase during ulirasound weatments.
The Gel-SHOT allowed for greater tissue tempcratﬁrc
increases during 1-MHz treauments and similar tissue
temperature increase during 3-MIHz treatments. This
study found that the Gel-SHOT is a suitable substitue
to ultrasound gel,

Cost is always a concern to clinicians. Each Gel-
SHOT can be used only once and costs approximately
25 cents. When shipping of traditional ultrasound gel
15 considered, the cost is similar. In addition, the Gel-
SHQOT is housed in a sterile package, whereas tradi-
tional ultrasound gel comes in a boutle that may collect
germs on its up. 4
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