—\ Shear Sensor for Clinical
Seating, Back Rest & Bed

A% Applications

Clinical Use

The Vista Medical ISS uses several thin piezo resistive sensors.
The sensors detect the shear forces between two surfaces as
well as an array of thin normal force sensors that are
collocated such that the sensor array can flex and conform to
the surface and still transmit all the forces between the
surfaces.

Since the ISS is thin and flexible it minimally interferes with

the transfer of shear or normal force stresses between the Fig 1. Vista Medical ISS. The measurement of
L. . . internal shear stress requires the combination of

surfaces. The coefficient of friction of the black center of both a Vista Medical omni directional shear force
. . . sensor to measure the parallel shear force, and an

the sensor is approximately matched to that of dry skin array of normal force sensors to measure the pinch
. . . shear force (the pressure gradient). These two

however it can be covered with the same material that sensors are combined into a single sensor called the

ISS - Integrated Shear Sensor.

covers the surface being tested for improved accuracy.

Since the movement of the internal parts of the sensor

would reduce the shear measurements the internal movements are minimal. Virtually no
internal movement occurs in the sensor. An array of normal force sensors lies under the
shear sensor such that Parallel Shear forces can be carried through from the bottom to the
shear sensor conductor ring. The array of normal force sensors gives a reading of the pinch
shear and indicates whether it is in the same direction as the parallel shear and therefore
additive or in the opposing direction and therefore subtractive.

Positioning the Sensor

Since patients are at risk where pressures are highest and since the high force locations can
also transmit high parallel shear forces, the ISS should be located at the point of maximum
normal force. The location of the highest normal force (typically under a beney prominence)
should be located using a seat sensing array. You should then choose whether the sensor will
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be placed on the skin, on the clothing or on the cushion. Then the sensor should be prepared
for that location by matching coefficients of friction with the surface it is placed on.

Placing the Sensor on the Skin: If the sensor is to be placed on the skin then no changes to
the sensor are required because the central black dot on the sensor approximates the
friction of skin. In this case the shear sensor is simply placed on the location to be tested with
the black dot showing. Orientation of the sensor is not critical but one should make note of
the orientation and the relationship to the computer display so that you can interpret data
and take appropriate intervention if needed.

Placing the Sensor on Clothing: If the testing is to be done on the clothing, the sensor can be
used as is, however shear forces may be small. More accurate results are obtained if the
sensor is affixed to the clothing (or may be held in place with mild two sided tape) and a
patch of the same material affixed on the black button. This will ensure that the coefficients
of friction are not changed by the sensor. The fabric patch should extend past the black dot
to the edges of the sensor but only be fixed to the dot.

Placing the Sensor on the Cushion: The third configuration is to adhere the sensor to the
cushion and insert a small patch of cushion fabric over the sensor. When attaching the fabric
to the sensor, be sure to insert the fabric patch only to the central black dot and allow it to
float over the clear and nylon surrounding area.

Positioning the Subject

Once the sensor is in placed, care should be taken not to apply shear to the location as the
patient is positioned on the chair or bed. Once they are in position a brief off loading of the
site may help to eliminate the shear created by initial positioning may be appropriate.
(Unless of course the positioning shear, is the area of interest.)

If testing multiple subjects, attaching the sensor to the cushion and covering it with cushion
material gives a consistent surface but may not be the highest pressure location for each
subject. Palpating a boney prominence and placing the sensor at that location will give the
highest shear readings. If the sensor is placed on the subject’s clothing care must be taken to
ensure that the clothing does not move prior to placement in the cushion and this will affect
the normal sitting technique and since a substantial amount of the shear is obtained moving
to a position this must be taken into consideration.
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Reading

Record the readings as the patient is initially positioned. You can record continuously and
then go back afterwards and select the frames to be kept or you can record individual frames
at each stage. If you choose to record continuously be sure to take notes of the frame
numbers that correspond to specific actions. Ensure you take ample notes, and note the
frame numbers to remind you of what was happening when the data was collected. It is best
to also take a simultaneous video with each frame then when the file is played back you can
correlate the shear with the movement.

Interpreting

The ISS display has two components. The
arrow and the background. The arrow shows
the parallel shear and the background shows
the normal forces. The spatial rate of change of
the normal forces (pressure gradient) creates

7 Winimum (mmHg) 10.08

the pinch shear so it is important to see if the

pinch shear aligns with the parallel shear. If the
normal forces move from high force the wide e o
end of the arrow and the low force at the tip of iy
the arrow the pinch shear is adding to the Mt

parallel shear (poor result) if however the high |~==
normal forces are in front of the point of the
arrow and the low force at the tip then the
pinch shear is subtracting from the parallel |55+ ===

mmHg

0

Shear forces and reduc' ng the Internal Shear' Fig 2. Vista Medical Combined Shear and normal Force Sensor display. Size and color
1 1 f indicate the sh itude. Point shi hy direction 360 d
This does not necessarily mean that the e o o e o mive il ressres are ctayec around tne

internal shear is not excessive. It is simply  sheeramow
indicative that the two sources of internal shear are not adding to make their combined

influence worse. See Fig 2.

Variables

The shear forces can vary as the patient is positioned on the support surface and as they shift
around. The forces can also change as different parts of the support surface slip or the
clothing shifts or with subtle changes in normal force.

Since shear forces can vary widely even for small displacements, the Vista Medical ISS Shear
Sensor is built and calibrated for the range of shears expected in normal seati_ng_,.--bac,k rest
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and bed applications. It can be damaged if subjected to high shear loads. Do not operate the
shear sensor above loads which give a red shear arrow.

Pressure gradient and Shear can combine to add or reduce tissue
distortion

The following pictures illustrate how shear can add to or reduce the distortion of a cube or
pliable material.

(a) Unloaded Cube (b) Pressure (c) Parallel Shear (d) Pinch Shear
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Fig 3. (e) CW parallel shear plus two different (CW and CCW) pinch shears

Summary
Shear is a complex and difficult subject to ‘\H, ‘\J,
understand. We are in the early stages of - - -

understanding how surfaces interact, their
combined influence on tissue and the formation of L°° £5 o o

pressure sores. Fig 4. Finite Element Calculation of Internal Stress. In the figure above the white U in
the center represents the ischial tuberosities. The blue represents homogeneous tissue.
As the combined pressure and shear increase, the colors change from blues thru green
yellow and finally to red at the bone tissue interface. Figure on the left shows no shear.
Figure on the right includes shear. Note the maximum combined stress is one the right
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