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RIYADH (SA) The thigh adhesion quantitative measurement system is a
sensor system for precisely locating fibers and/or bands of
(72) Inventor: MOSTAFA ABDELHAMID connective tissue formed between layers of body tissue,
MOHAMED AHMED, RIYADH (SA) binding the layers together and not permitting them to glide
over each other. This bonding is called an adhesion. The
(21)  Appl. No.: 14/940,093 present system is designed to determine quantitatively the
degree of adhesion and the location of high-pressure adhe-
(22) Filed: Nov. 12, 2015 sion(s) such that medical removal procedures (e.g., liposuc-
tion) can be precisely performed. The system makes use of
Publication Classification a scanning device having an array of pressure sensors, the
(51) Int.CL scanning device being defined by a flexible plate wrapped by
A61B 5/00 (2006.01) a belt to a patient’s limb, such as a thigh. A flexible cable
(52) US.CL connects the plate to a body-worn transmitter that wirelessly
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from the flexible plate to a computer for use by doctors
preparing for the liposuction procedure.

102

106




Patent Application Publication May 18, 2017 Sheet 1 of 8 US 2017/0135634 A1

100

102 106
|

Fig. 1



Patent Application Publication May 18, 2017 Sheet 2 of 8 US 2017/0135634 A1

200

:..../"
N
LW
N
i

106

__ 110

100

Fig. 2



May 18, 2017 Sheet 3 of 8 US 2017/0135634 Al

Patent Application Publication

SI0SUSS N
josuag
feiry
2INsssiy

U

(

0O

& by

/T

XN

zzg
)
/

80IN0g

18mMod
ad

¥

ucnesusdwor
RER esyocoa [~ 0LS
\ 90¢ rog
{4718 vod) N N
1 Loppuoy iéAo% 1dvn
jeubis
L0¢

S\

cig

4

IBJ|OAUCO0IIN 9084

(

c0g

0089dS
JBLRALOD

HIM-LHVD

¢

vig

g



Patent Application Publication May 18, 2017 Sheet 4 of 8 US 2017/0135634 A1

\ 3174 302

WiHF VReam Y Mcu
SPESO <:>

infernet

Fig. 4



Patent Application Publication

May 18, 2017 Sheet 5 of 8

US 2017/0135634 Al

5@00
Frame Slider
Vil
| l ; i
0 2% 50 ;
AVG Pressure (PS1) MAX Prassure {PSI)
5.321 12.234
X {mm} Y (mm)
40 224

Fig. 54



Patent Application Publication = May 18, 2017 Sheet 6 of 8

US 2017/0135634 Al

5(}0&)
-0
mm
-256
Frame Slider
)
| | i i | t | | | I
0 25 50 75 100 150 126 200 225 256 ,
AVG Pressure {PSI) MAX Prassure (PSI)
19.321 30.325
X {mm) Y {mm)
80 120
\_— 4

Fig. 5B



Patent Application Publication May 18, 2017 Sheet 7 of 8 US 2017/0135634 A1

Pt2
(128,0)

104

Pt3
(0,256)

Pt4
(128,256)

/
Faig. 6



Patent Application Publication May 18, 2017 Sheet 8 of 8 US 2017/0135634 A1

P{2 Pt 4
{128,0) (0,0)

High Pressure Point 700
{80,120
702 120
200

Pt3
(0,256)

Pt4
(128,256)

Fig. 7




US 2017/0135634 Al

THIGH ADHESION QUANTITATIVE
MEASUREMENT SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to biomedi-
cal sensors, and particularly to a thigh adhesion quantitative
measurement system.

[0003] 2. Description of the Related Art

[0004] Body structures have layers of connective tissue on
their outer surfaces. These layers allow the different parts to
glide over each other. Sometimes fibers and/or bands of
connective tissue form between surfaces that should be
separate. When connective tissue layers become bound
together, that’s called an adhesion. One type of adhesion is
thigh adhesions, which cause inflammation of the adhesion
area. This causes pain and other difficulties, especially
during walking. The treatment of adhesions of the thighs
usually requires a surgical procedure, for example, liposuc-
tion.

[0005] Thus, a thigh adhesion quantitative measurement
system solving the aforementioned problems is desired.

SUMMARY OF THE INVENTION

[0006] The thigh adhesion quantitative measurement sys-
tem is a sensor system for precisely locating fibers and/or
bands of connective tissue formed between layers of body
tissue that bind them together, not permitting them to glide
over each other. This bonding is called an adhesion. The
present system is designed to determine quantitatively the
degree of adhesion and the location of high-pressure adhe-
sion(s) such that medical removal procedures (e.g., liposuc-
tion) can be precisely performed. The system makes use of
a scanning system having an array of pressure sensors, the
scanning system being defined by a flexible plate wrapped
by a belt to a patient’s limb, such as a thigh. A flexible cable
connects the plate to a body-worn transmitter that wirelessly
transmits real-time pressure distribution images received
from the flexible plate to a computer or other imaging device
for use by doctors preparing for the liposuction procedure.
[0007] These and other features of the present invention
will become readily apparent upon further review of the
following specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of a flexible plate
pressure sensor array for a thigh adhesion quantitative
measurement system according to the present invention.
[0009] FIG. 2 is an environmental front view of a thigh
adhesion quantitative measurement system according to the
present invention, showing an exemplary mounting position
of the pressure sensor array on a subject’s thigh.

[0010] FIG. 3 is a block diagram of a transmitter unit of a
thigh adhesion quantitative measurement system according
to the present invention.

[0011] FIG. 4 is a block diagram of a wireless network
connected to the controller of a thigh adhesion quantitative
measurement system according to the present invention.
[0012] FIG. 5A is an exemplary screenshot showing
images and data produced by a thigh adhesion quantitative
measurement system according to the present invention.
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[0013] FIG. 5B is another exemplary screenshot showing
images and data produced by a thigh adhesion quantitative
measurement system according to the present invention.
[0014] FIG. 6 is an environmental side view of the flexible
plate pressure sensor array of FIG. 1, positioned to scan the
inner thigh.

[0015] FIG. 7 is a diagram showing the location of a high
pressure adhesion area to be scanned by the system of FIG.
6.

[0016] Similar reference characters denote corresponding
features consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0017] The thigh adhesion quantitative measurement sys-
tem is a sensor system for precisely locating fibers and/or
bands of connective tissue formed between layers of body
tissue, binding the layers together and not permitting them
to glide over each other. This bonding is called an adhesion.
The present system is designed to determine quantitatively
the degree of adhesion and the location of high-pressure
adhesion(s) such that medical removal procedures (e.g.,
liposuction) can be precisely performed. The system makes
use of a scanning device having an array of pressure sensors,
the scanning device being defined by a flexible plate
wrapped by a belt to a patient’s limb, such as a thigh. A
flexible cable connects the plate to a body-worn transmitter
that wirelessly transmits real-time pressure distribution
images received from the flexible plate to a computer or
other imaging device for use by doctors preparing for the
liposuction procedure.

[0018] As shown in FIGS. 1 and 2, the system 200
includes a flexible plate (planar) pressure sensor array 100,
which is wrapped by a sensor belt to one of the inner thighs
of the patient, as shown in FIG. 2. It should be understood
that any other adhesion region may be scanned using the
flexible plate pressure sensor array 100. The plate of the
pressure sensor array 100 is connected via a cable 106 to a
portable transmitter unit 202, which is mounted on the waist
of the patient using a transmitter unit belt 206 and loop 204,
the portable transmitter unit 202 wirelessly communicating
with a remote laptop computer 230.

[0019] Two tests for each patient may be done. The first
one is a static test, in which the patient stands with his legs
near to each other until there is enough pressure between the
thighs to do the liposuction. The other test is a dynamic test,
in which the patient is asked to walk to get a view of the
pressure profiles applied to the adhesion region during
movement. In both tests, the two inner thighs will be in
contact with each other in different degrees. This will apply
different pressure profiles on the pressure sensor array plate.
The pressure sensor array 104 will create real-time pressure
distribution images of the scanned adhesion area. These
images will be sent to the transmitter unit 202 via flexible
cable 106. The transmitter unit 202 will process the acquired
images and then send them wirelessly to a remote computer
or other imaging device, such as desktop 430 (shown in FIG.
4) or laptop computer 230 (shown in FIG. 2). The remote
computer (e.g., desktop 430 or laptop 230) will display color
mapping pressure distribution images of the scanned adhe-
sion area while the test is running. Thus, doctors can
determine quantitatively the degree of adhesion and at which
location in the scanned area the adhesion has occurred. This
will help in predicting inflammation problems before it
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happens, determining the medical procedure required, and
precisely determining the high pressure adhesion location
for the surgeon to do the liposuction.

[0020] The pressure sensor array flexible plate 100
includes an active sensor area 104 and two inactive areas
102 disposed on opposing ends of the flexible plate pressure
sensor array 100. A (0, 0) datum point 110 is defined on a
lower right-hand corner of the active portion 104 of the
flexible plate pressure sensor array 100. The spatial resolu-
tion and the active area of pressure sensors will determine
the number of sensors used to scan the adhesion area. One
possible design (exemplary without limitation) of the pres-
sure sensor pressure sensor array 100, which will be referred
to in the rest of the description for purposes of illustration,
is as follows. The size of the active area of the pressure
sensor array may be=256x128 mm. The active area of the
pressure sensor array therefore equals 32,768 mm?®. The
spatial resolution of the pressure sensor may be=4x8 mm.
The area covered by single pressure sensor therefore equals
32 mm?>. The number of sensor elements=32,768+32=1024
elements. The flexible plate pressure sensor array 100 will
cover the adhesion area of interest to scan (e.g., the inner
area of one of the thighs, as shown in FIG. 2). The datum
point 110 in the flexible plate pressure sensor array 100 is
used to correlate the spatial X, y zero point of the generated
color-mapped pressure image with the actual sensor position
over the scanned inner thigh of the subject. It should be
understood that the present system contemplates different
sizes of pressure sensor plates to cover different adhesion
area sizes.

[0021] In the thigh adhesion quantitative measurement
system, the active sensor area 104 covers the scanned
adhesion area (the thigh, as shown in FIG. 2). The flexible
plate pressure sensor array 100 is clearly shown attached to
a front portion of the subject’s thigh, and it continues to wrap
around, covering a rear portion of the subject’s thigh. The
flexible plate pressure sensor array 100 is attached to the
adhesion area using two belts disposed along opposite edges
of the flexible plate 100. The flexible plate pressure sensor
array 100 is connected to the transmitter unit 202 via a
flexible connection cable 106. The transmitter unit 202 is
attached on the patient waist using belt 206. The transmitter
unit 202 will send the adhesion region pressure distribution
images generated from the flexible plate pressure sensor
array 100 wirelessly to a computer 430 for analyzing.

[0022] Before starting a new scanning session, the patient
is asked to spread his legs such that minimum pressure is
applied to the adhesion area. Then the system will record the
pressure profile applied to the flexible plate pressure sensor
array 100 as the zero pressure frame for this session. All read
frames during scanning have to be subtracted from the zero
pressure frame. This procedure readies the system for the
two different patient tests described below.

[0023] The first test is a static test in which the patient is
asked to stand with his legs near to each other until sufficient
pressure registers over the adhesion region to do the lipo-
suction. Next, the system will record the pressure applied to
the pressure sensor array as the static pressure profile frame
for this session. The recorded image will help the surgeon to
precisely locate the high pressure adhesion area on the
patient’s scanned site, at which the liposuction process will
be performed. After liposuction, the patient may be asked to
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repeat this test until a desired pressure profile in the scanned
area is obtained indicating no further need for additional
liposuction.

[0024] The second test is a dynamic test in which the
patient is asked to walk. During walking, the adhesion area
will apply time-moving pressure profiles over the flexible
plate pressure sensor array 100. The system will display and
record in real time the pressure profiles applied to the
flexible plate pressure sensor array 100 as the dynamic
pressure profiles for this session. This test yields a view of
the problems encountered during walking in the adhesion
region, and also aids prediction of inflammation problems
before they occur. Moreover, performing the second test
helps to determine the medical procedure required.

[0025] In the above tests, the generated pressure distribu-
tion images from the flexible plate pressure sensor array 100
are sent to the transmitter unit 202. The transmitter unit 202
has a Programmable System-on-Chip (PsoC) Microcon-
troller 302 (shown in FIG. 3) for processing (amplifying,
filtering, offsetting, etc.) and digitizing the generated pres-
sure distribution images, which are sent wirelessly as pro-
cessed images to the computer for analysis by the specialist
and saving to the patient database.

[0026] In general, the scanning means utilizes a processor,
such as a PSoC microcontroller 302, shown in FIG. 3. The
PSoC microcontroller 302 includes a Universal Asynchro-
nous Receiver-Transmitter (UART) 304 connected to an
analog-to-digital converter 306, which is connected to a
signal conditioner 308. A DC offset compensator 310 is
connected to the signal conditioner 308. The flexible plate
pressure sensor array 100 is connected to a multiplexer 312,
which, in turn, feeds the signal conditioner 308 of the PSoC
microcontroller 302. The Nx1 multiplexer 312 is controlled
by select SEL signals from the PSoC microcontroller 302.
The pressure array sensor 100 has N sensors in the array. The
N analog signal outputs from the flexible plate pressure
sensor array 100 are input into the analog multiplexer 312
(MUX). The output of the analog MUX 312 is input into the
PSoC microcontroller 302. The microcontroller 302 sends
the MUX select inputs to scan the N elements of the flexible
plate pressure sensor array 100 continuously. The microcon-
troller 302 comprises a signal conditioner 308, a DC offset
compensator 310, an 8-bit-ADC 306, and a UART 304 for
connection to a UART-WiFi converter 314. The sensor
signal output from the MUX 312 is input to the microcon-
troller signal conditioner 308 that conditions (e.g., by ampli-
fication with a programmable gain amplifier (PGA) and/or
filtering with a low pass filter (LPF)) the input, which may
also require a DC offset applied by the DC offset compen-
sator 310. Thereafter, the signal enters the ADC 306 for
digitization to get pressure readings (N bytes) from the
subject’s thigh. Data from the ADC 306 is sent to the UART
304. The ADC data is sent outside the microcontroller via
the UART interface part of PsoC microcontroller 302 at a
suitable baud rate. flexible plate pressure sensor array 100 of
FIG. 3 interfaces to the pressure scanning display computer
430 (shown in FIG. 4) using a wireless connection, e.g.,
WiFi transceiver 314, such that the pressure profile of the
subject’s thigh can be transferred to the pressure scanning
display computer 430 over an intranet or other network in a
preferably wireless manner. The PSoC UART 304 interfaces
to the external UART to WiFi converter 314 (e.g., SPB800)
such that the pressure profile images can be transferred
wirelessly to the computer. The SPB800 module has a high
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performance chip antenna as the primary RF interface. The
module sends digitized adhesion area pressure distribution
images read from MCU 302 to an external computer and
receives commands from the external computer while for-
warding the commands to MCU 302.

[0027] The following specification and parameters are
merely illustrative. For example, the MUX 312 may have a
high impedance input, input signals rail-to-rail, and a num-
ber of inputs up to N. The signal conditioner 308 may be a
PGA having a high impedance input, wide bandwidth, low
offset output voltage, and up to thirty-three user-program-
mable gain settings with a maximum gain of 48.0.

[0028] Alternatively, the signal conditioner 308 may be an
LPF (low pass filter) having a programmable corner fre-
quency and damping ratio with no external components, and
it may be second order.

[0029] The ADC 306 may have an 8-bit resolution with
single-ended/differential input, using an unsigned data for-
mat with a sample rate up to 500K samples per second, and
an input range defined by an internal reference of the PSoC
microcontroller 302. The power source 322 is connected to
the WiFI converter 314 and the PsoC microcontroller 302,
and may be a battery providing 3.6 volt at approximately
1,800 mA, or the like. The UART 304 is a standard serial
communication, asynchronous receiver and transmitter hav-
ing burst rates up to 6 Mbits/second. Data framing consists
of start, optional parity, and stop bits.

[0030] With a pressure sensor array size=128 mmx256
mm, the pressure distribution images read from the trans-
mitter unit 314 are displayed in an application program as
color-mapped pressure distribution images (500a and 5005
of FIGS. 5A and 5B). The pressure value at each point in the
scanned adhesion area can be determined from the pressure
color-coded values. From these images, the problems
encountered in the adhesion region can be quantitatively
analyzed to determine the proper treatment method.

[0031] From image maps 500a and 50056 of FIGS. 5A and
5B, the high pressure value in the adhesion area is at point
(x,¥)=(80,120) mm. We can easily find this point on the
patient’s scanned thigh. To locate this point, and before
removing the flexible plate pressure sensor array 100 from
the scanned thigh, a body marker is used to make a clear
mark on four points (Ptl at sensor array datum coordinates
(0,0), P12 at sensor array coordinates (128.,0), Pt3 at sensor
array coordinates (0,256), Pt4 at sensor array coordinates
(128,256) at the four corner edges of the used pressure
sensor array active portion 104, as shown in FIG. 6.

[0032] Next, remove the flexible plate pressure sensor
array 100 from the scanned thigh, and using the body
marker, draw lines on the subject’s body between (Ptl and
Pt2), (Pt2 and Pt4), (Pt3 and Pt4) and (Pt1, Pt3). The drawn
lines define an outline 700 of where the active sensor region
104 was placed on the subject’s body. Using a ruler, find a
point in the line between (Ptl and Pt3), this point being
below Ptl by 120 mm. Using a ruler find a point in between
(Pt1 and Pt3), this point being below Ptl by 120 mm. Using
a ruler find a point in the line between (Ptl and Pt2), this
point being apart from Ptl by 80 mm, as shown in FIG. 7.
Thus, the high pressure point (80,120) 702 is defined on the
subject’s body. By this technique, it is readily determined
precisely the place or the region that needs to be liposuc-
tioned by a surgeon.
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[0033] It is to be understood that the present invention is
not limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the
following claims.

1. A thigh adhesion quantitative measurement system,
comprising:

a computer; and

means for mapping a region of a subject’s body to a
pressure profile, providing indicia of high pressure
points within the region, wherein the high pressure
points are used to determine quantitatively degrees and
locations of adhesion throughout the region.

2. A thigh adhesion quantitative measurement system,

comprising:

a processor;

a scanning device, the scanning device consisting of a
flexible plate pressure sensor array in operable com-
munication with the processor, the flexible plate pres-
sure sensor array having a central active sensor area
and two inactive areas disposed on opposing ends of
the central active sensor area, a (0,0) datum coordinate
marker disposed on a corner of an active portion of the
central active sensor area, the flexible plate pressure
sensor array conforming to and taking pressure read-
ings of the inner thigh region of a subject’s body, sensor
belts extending from opposite edges of the flexible
plate pressure sensor array to secure the pressure sensor
array to the subject’s inner thigh region;

means for digitizing the pressure readings taken by the
flexible plate pressure sensor array to obtain a pressure
profile providing indicia of high pressure points within
the region;

a wireless data converter in operable communication with
the processor; and

a pressure scanning display computer in communication
with the wireless data converter, the pressure scanning
display computer having a screen for displaying the
pressure profile as images, wherein the pressure profile
images are presented as a color map of pressure over
the subject’s inner thigh region.

3-4. (canceled)

5. The thigh adhesion quantitative measurement system
according to claim 2, further comprising a multiplexer
connected between the pressure sensor array and the pro-
cessor, the multiplexer selecting inputs to scan elements of
the pressure sensor continuously into the processor.

6. The thigh adhesion quantitative measurement system
according to claim 5, wherein the processor further com-
prises a signal conditioner circuit for conditioning the pres-
sure data before the data is digitized.

7. The thigh adhesion quantitative measurement system
according to claim 6, wherein the signal conditioner circuit
is selected from the group consisting of a programmable
gain amplifier circuit and a low pass filter circuit.

8. The thigh adhesion quantitative measurement system
according to claim 6, further comprising a DC offset com-
pensator connected to the signal conditioner circuit.

9-10. (canceled)

11. The thigh adhesion quantitative measurement system
according to claim 2, further comprising a connection cable
extending from the pressure sensor array and attachable to
the processor, the connection cable facilitating operable
communication of the pressure sensor array with the pro-
Ccessor.
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12. (canceled)
13. The thigh adhesion quantitative measurement system
according to claim 2, further comprising:

a transmitter unit belt; and

a transmitter unit belt loop disposed on a housing of the
wireless data converter, the transmitter unit belt being
threaded through the transmitter unit belt loop to secure
the wireless data converter to the subject’s body.

14-15. (canceled)
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