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(7) ABSTRACT

An ultrasonic device evaluates the sound velocity of a nail to
determine the overall health of a patient and to monitor cos-
metological effects of certain products on the nail. The ultra-
sonic device includes a handhold probe having an piezoelec-
tric transducer encased in cover that emits high-frequency
ultrasonic impulses directed towards the nail. The nail reflects
returning ultrasonic echoes back to the piezoelectric trans-
ducer. The returning ultrasonic echoes vibrate the piezoelec-
tric transducer. A processor of a computer converts the vibra-
tions into electrical pulses. The processor evaluates amplitude
values of the electrical pulses to determine the parameters of
the human nail, including the thickness, density and elasticity.
The parameters are displayed on a display and analyzed by a
technician to determine the nail condition. The health of the
person or the effect of products on the nail can be determined
based on the nail parameters.
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ULTRASONIC DEVICE FOR
COSMETOLOGICAL HUMAN NAIL
APPLICATIONS

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 60/941,080 filed May 31, 2007.

BACKGROUND OF THE INVENTION

[0002] The invention relates generally to an ultrasonic
device that non-invasively and quantitatively evaluates physi-
cal properties of a human nail to determine the overall health
of a patient.

[0003] A condition of a human nail can be an indication of
the overall health of a patient. For example, if the nail is soft,
brittle or pocked, these symptoms can indicate that the patient
may be unhealthy, have a metabolic disorder, a mineral defi-
ciency or a latent disease. Numerous new creams and rem-
edies have been created and used to improve a nail condition.
However, there is no reliable and unbiased quantitative
method of evaluating the effects of these treatments on the
nail.

[0004] Nail thickness, density and elasticity are parameters
that can reflect the condition of the nail. These nail parameters
can indicate the presence of disorders or diseases in a patient
and can be used to control and monitor the effectiveness of
treatment of general skin and nail diseases. These nail param-
eters can also be used to control and monitor the positive or
negative effects of varnishes, creams and other cosmetics
products on the nail.

[0005] However, there are no instruments in the clinical and
cosmetological practices that can provide a non-invasive
quantitative evaluation of nail parameters to allow the nail
condition of the patient to be determined.

SUMMARY OF THE INVENTION

[0006] An ultrasonic device non-invasively and quantita-
tively evaluates the sound velocity of a nail to determine
various nail parameters, such as the thickness, density and
elasticity. The sound velocity is an integral index of the thick-
ness, density and elasticity of the nail.

[0007] The nail parameters can be used to indicate a nail
condition that reflects a state of the overall health of a patient.
The nail parameters can reflect many medical disorders,
allowing the health of the patient having a specific medical
state to be monitored. The health of the nail itself and the
progression and effectiveness of certain nail treatments can
also be monitored by measuring the thickness, density and
elasticity of the nail.

[0008] The ultrasonic device includes a handhold probe
including at least one piezoelectric transducer encased in a
cover. The handheld probe is positioned over the nail, and the
piezoelectric transducer emits high-frequency ultrasonic
impulses that are directed towards the nail. The ultrasonic
impulses are reflected from an interface between a nail plate
and a nail bed of the nail and an upper surface of the nail plate
to the piezoelectric transducer as returning ultrasonic echoes
that vibrate the piezoelectric transducer.

[0009] The ultrasonic device also includes a computer hav-
ing a processor and a display. The processor converts the
vibrations into electrical pulses and evaluates amplitude val-
ues of the electrical pulses to determine the thickness, density
and elasticity of the nail.
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[0010] The nail parameters are displayed on the display of
the ultrasonic device for evaluation by a technician. Using the
nail parameters, the technician can determine the condition of
the nail, and therefore the overall health of the person, the
relationship to some general diseases, or the effectiveness of
a nail treatment.

[0011] These and other features of the present invention
will be best understood from the following specifications and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Thevarious features and advantages of the invention
will become apparent to those skilled in the art from the
following detailed description of the currently preferred
embodiment. The drawings that accompany the detailed
description can be briefly described as follows:

[0013] FIG. 1 illustrates a cross-sectional side view of a
nail;
[0014] FIG. 2 illustrates an ultrasonic device employed to

evaluate the nail;
[0015] FIG. 3 illustrates a top view of the nail; and
[0016] FIG. 4 illustrates an end view of the nail.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0017] FIG. 1 illustrates a nail 20 of a finger or toe 22 ofa
human. The nail 20 is made of dead cells and keratin and
provides protection to sensitive areas of the fingers and toes
22. The nail 20 includes a nail plate 24 having a pink part 26
and a drier white part 28 that meet at an interface 30. The pink
part 26 and the white part 28 have approximately the same
thickness. The nail plate 24 is located above a soft nail bed 32
with a phalanx bone 34 underneath. The nail bed 32 is the
adherent connective tissue located immediately below the
nail plate 24 and provides the pinkish color of the nail 20. The
nail plate 24 is densely connected with the nail bed 32 at an
interface 48. The nail plate 24 grows approximately 100 um in
length a day. A nail root 36 (or nail matrix) is the living part of
the fingernail 20 located below a cuticle 38 (eponychium or
fold of skin) that protects the nail root 36. Keratin is produced
by keratinocytes in the nail root 36.

[0018] Sound velocity in the nail plate 24 typically varies
between 2100 m/s and 3100 m/s from person to person. The
average sound velocity in a person is approximately 2470
m/s. The human nail 20 is not homogeneous in its acoustic
properties. For example, sound velocity is lower in the pink
part 26 of the nail plate 24, and the sound velocity is up to 30%
higher in the white part 28 of the nail plate 24.

[0019] Some medical conditions (such as systemic lupus
erythematosus, systemic sclerosis, psoriasis, chronic eczema,
jaundice and anemia) cause the parameters of the nail 20,
such as thickness, density and elasticity, to change. By evalu-
ating and determining the parameters of the nail 20, physi-
cians can monitor the health of patients having the medical
conditions described above or determineif the patient has any
of these medical conditions. The effects of different nail
products can also be tested for safety or the progression of
cosmetic nail treatments can be monitored.

[0020] FIGS. 2 and 3 show an ultrasonic device 54 that
safely and non-invasively quantifies and evaluates the nail 20
in vivo. The ultrasonic device 54 includes a handheld probe
58 that generates an ultrasonic signal. The handhold probe 58
includes including a cover 59 that encases at least one piezo-
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electric transducer 56. The piezoelectric transducer 56 gen-
erates high-frequency ultrasonic impulses 62 (sound waves),
and the cover 59 directs the ultrasonic impulses non-inva-
sively towards the nail 20. The cover 59 can encase more than
one piezoelectric transducer 56 to provide simultaneous mea-
surements in several points on the surface of the nail plate 24.
In one example, the ultrasonic device 54 is portable and
handheld. An example ultrasonic device 54 is the ultrasonic
device “Tessonics-AM 1163”. However, it is to be understood
that different types of ultrasonic device 54 can be employed.
[0021] Different transducers 56 may be employed and
switched on as desired to investigate different properties of
the nail 20. Different sets of transducers 56 can be used (in a
set of two) to allow two readings to be taken simultaneously
from two different location on the nail 20.

[0022] The ultrasonic device 54 also includes a computer
68 having a storage 90 (memory, hard drive, optical and/or
magnetic, etc.) and a processor 71 (or CPU) that provides a
quantitative analysis of the nail 20. The ultrasonic device 54
also includes a keyboard 75, a mouse 77 and a display 70 that
displays data and images.

[0023] A coupling media 60 (such as a water-based gel) is
applied on an upper surface 72 of the nail plate 24. The
handheld probe 58 positioned over the nail 20 directs the
ultrasonic impulses 62 towards the nail 20. The handheld
probe 58 is provided with a PVC-conical delay 64 that is
coupled directly on the nail plate 24, but there is some dis-
tance 76 between the upper surface 72 of the nail 20 and the
edge of the conical delay 64 where the coupling media 60 is
located. In one example, the ultrasonic device 54 is operated
with a frequency 15 MHz. Frequencies in the range of 15-75
MHz can be also employed.

[0024] The ultrasonic impulses 62 contact the nail 20 and
reflect off the upper surface 72 of the nail plate 24 and the
interface 48 between the nail plate 24 and the nail bed 32 as
returning ultrasonic echoes 66. The returning ultrasonic ech-
oes 66 vibrate the piezoelectric transducer 56. The processor
71 converts the vibrations into electrical pulses. The electrical
pulses represent evaluative data that is representative of the
parameters of the nail 20 (including thickness, density and
elasticity) which are calculated as described below.

[0025] Imagesanddatarepresenting the electrical impulses
are shown on the display 70. The processor 71 processes
amplitude values of the electrical impulses to determine the
parameters of the nail 20. The parameters processed by the
processor 71 are also displayed on the display 70. For
example, a numerical value representing each of the thick-
ness, density and elasticity of the nail 20 can be displayed on
the display 70. A technician can evaluate the nail parameters
displayed on the display 70 to determine if a patient has a
medical condition or can keep track of the progress of a
cosmetological treatment.

[0026] Returning to FIG. 1, ultrasound time-of-flight
(TOF) is the time interval between the ultrasonic beam
reflecting off the upper surface 72 of the nail plate 24 and the
interface 48 between the nail plate 24 and the nail bed 32.
[0027] As shown in FIG. 4, the time-of-flight of the ultra-
sound signal is determined at least two points of the nail 20:
1) at a central area M of the pink part 26 and 2) at a middle D
of a distal edge of the pink part 26 near the interface 30
between the pink part 26 and the white part 28. The time-of-
flight between the transmission of the ultrasonic impulse 62
and the returning ultrasonic echoes 66 to the handheld probe
58 is used to calculate the depth of the tissue interface 48 and
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the thickness of the nail 20. The greater the amount of time it
takes for the returning ultrasonic echoes 66 to return to the
handheld probe 58, the greater the distance between the nail
plate 24 and the nail bed 32 and/or the greater the sound
velocity in the nail plate 24.

[0028] The ultrasonic device 54 can be used to determine
the thickness of the nail 20. To determine the thickness of the
nail 20, a thickness d;-of the nail plate 24 in the middle of the
white part 28 is measured with a caliper at a point W that is as
close to a boundary with the pink part 26 as possible. The
thickness d ;. at the point W is inputted into the computer 68
using the keyboard 75. The thickness dy;, is approximately
equal to a thickness d, at a point that is at a middle of D a
distal edge of the pink part 26.

[0029] The thickness d,, can be used to calculate the longi-
tudinal ultrasound velocity C,, at the middle D of the nail plate
24 vsing the formula:

Cp=T0F,/2dy, (Equation 1)

where TOF , is the time-of-flight at the point D as measured
by the ultrasonic device 54.

[0030] The deviations of longitudinal ultrasound velocity
at a point M 1in a central area of the pink part 26 does not
usually exceed 3-5%. The longitudinal ultrasound velocity
Cp, at the point D calculated using Equation 1 can be used to
calculate the thickness d,, of the nail plate 24 at the point M
using the formula:

dr~(CpxTOF,,)/2 (Equation 2)

where TOF,, is the time-of-flight at the point M as measured
by the ultrasonic device 54. The thickness d, sat the point M of
the nail 20 can be calculated using time-of-flight as detected
by the ultrasonic device 54 at different locations of the nail 20.
Therefore, the thickness of the nail 20 at different locations
can be calculated by the computer 68 and displayed on the
display 70 for evaluation by a technician.

[0031] The ultrasonic device 54 can also be used to calcu-
late the density and the elasticity of the nail 20. The longitu-
dinal ultrasound velocity C (calculated in Equation 1) corre-
lates with the density and the elasticity of the nail 20. The
longitudinal ultrasound velocity C can be defined using the
following formula:

C?=Eip (Equation 3)

where E is the elasticity of the nail 20, and p is the density of
the nail 20.

[0032] The amplitude value of the ultrasound signal
changes while the ultrasonic impulse 62 travels inside the nail
plate 24 due to the sound energy attenuation. By measuring
the local values of the intensity of the ultrasonic impulses 32
and the returning ultrasonic echoes 66 reflected from the
interface 48 between the nail plate 24 and nail bed 32 and the
time-of-flight, the local values of density and elasticity can be
determined.

[0033] A coefficient of reflection R and a coefficient of
transmission T of acoustic pressure when acoustic waves fall
perpendicularly on a boundary from media 1 to media 2 is
defined as

-2 222 (Equation 4)
=2 % oadT= 2

2+

R
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[0034] The amplitudes A, and A, of the impulses reflected
from an upper surface 72 and a lower surface 73 of the nail
plate 24, respectively, can be defined by:

(Equation 5)

(Equation 6)

2 - 2
2Zn Zr—In Zg _a2d
Ay = AO( . agn][ am)(—agn]e o
Tt TNt s N\ant 2

where z,,, z, and z, are the acoustic impedances of the nail 20,
the nail bed 32 and the coupling media 60, respectively,

€, and €, are the empirical coefficients which introduce the
effect of sound losses at the boundary between the coupling
media and nail and the nail/nail bed, respectively, due to the
small irregularities on the boundary,

o 1s the attenuation coefficient of the nail 20, and

d is the thickness of the nail 20.

[0035] Using Equations 5 and 6, the ratio (K, ) of the ampli-
tudes A, to A, is defined as:

As (Equation 7)
k= —
Al
_ 42070 (2 — 20) N _o2d
“Z-dar Zn)(egn,(sm)e
[0036] At the contact area between the piezoelectric trans-

ducer 56 and the nail 20, the radius of curvature of the nail 20
is much larger than a width of the contact area. However, the
large-scale curvature of the nail 20 does not play a significant
role near the contact area. Therefore, the effect of large-scale
curvature on the sound propagation can be neglected. Sound
losses due to the small-scale unevenness are small.

[0037] The empirical coefficients €, and €, are approxi-
mately 1. Theattenuation in the nail 20 is small (c=0). Imped-
ances of the coupling media (gel or water) z_ are 1.5 MRayl,
and the impedance of the nail bed z, is 1.6 MRayl (a typical
value for the most of soft tissue).

[0038] Under such assumptions, the ratio k, depends only
on the unknown impedance of the nail z,. Equation 7 can then
be solved for the acoustic impedance of the nail z,

[0039] The ratio k, can be measured from A-scans of nail
20 (voltage readings in the device used are proportional to the
acoustic pressure). As determined above, the impedance of
the nail z, can be calculated and the measured value ofk,. The
density of the nail 20 can be defined as:

p=2,/C (Equation 8)
[0040] Solving for C,

C=z,/p (Equation 9)
[0041] Solving Equation 3 for the elasticity E,

E=p-C? (Equation 10)
[0042] Adding the value of p from Equation 8, E can be
defined as:

E=z,-C (Equation 11)
[0043] Thelongitudinal ultrasound velocity C can be deter-

mined using time-of-flight as detected by the ultrasonic
device 54 in different locations of the nail 20 using Equation
1 as described above. Once the impedance of the nail Z,, is
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known, density p can be determined using Equation 8. The
elasticity E can be determined using Equation 11.

[0044] After the thickness d, the elasticity E, and the den-
sity p of the nail 20 are calculated by the computer 68 and
determined using the above equations, these values are dis-
played on the display 70. A technician evaluates these param-
eters to evaluate the condition of the nail 20. For example, the
values or parameters can be shown as numbers on the display
70. Once a technician evaluates the parameters, the technician
can determine a condition of the nail and the health of the
patient or the effect of nail treatments on a nail by comparing
the values calculated by the ultrasonic device 54 with known
values.

[0045] The foregoing description is only exemplary of the
principles of the invention. Many modifications and varia-
tions are possible in light of the above teachings. It is, there-
fore, to be understood that within the scope of the appended
claims, the invention may be practiced otherwise than using
the example embodiments which have been specifically
described. For that reason the following claims should be
studied to determine the true scope and content of this inven-
tion.

What is claimed is:

1. A device to evaluate a nail, the device comprising:

an ultrasonic source that generates and transmits an ultra-
sonic wave towards a nail;

an ultrasonic receiver that receives returning ultrasonic
echoes reflected from the nail;

a computer including a processor that analyzes the return-
ing ultrasonic echoes, wherein the processor determines
at least one parameter of the nail; and

a display to display data representative of the at least one
parameter of the nail.

2. The device as recited in claim 1 wherein the ultrasonic
source includes a handheld probe having a cover that encases
at least one piezoelectric transducer.

3. The device as recited in claim 2 wherein the cover directs
the ultrasonic wave from the at least one piezoelectric trans-
ducer towards the nail.

4. The device as recited in claim 1 further including a
keyboard and a mouse.

5. The device as recited in claim 1 wherein the ultrasonic
wave reflects from an interface between a nail plate and a nail
bed and from an upper surface of the nail plate to form the
returning ultrasonic echoes that vibrate the piezoelectric
transducer.

6. The device as recited in claim 1 wherein the processor
converts the return ultrasonic impulses into electrical pulses
that correlate into the at least one nail parameter.

7. The device as recited in claim 1 wherein the returning
ultrasonic echoes vibrate the piezoelectric transducer.

8. The device as recited in claim 1 wherein the ultrasonic
device is operated with a frequency of between 15 MHz and
50 MHz.

9. The device as recited in claim 1 wherein the at least one
parameter of the nail is indicative of a condition of the nail.

10. The device as recited in claim 1 wherein the at least one
parameter of the nail is one of thickness, density and elastic-
ity.

11. The device as recited in claim 1 wherein the at least one
nail parameter is the thickness, and the thickness of the nail
depends on a time of flight and a longitudinal ultrasound
velocity.
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12. The device as recited in claim 1 wherein the at least one
nail parameter is one of the density and the elasticity, and the
density and the elasticity depends on the longitudinal ultra-
sound velocity.

13. The device as recited in claim 1 wherein the device
monitors cosmetological observations and progression of the
at least one parameter of the nail.

14. A method for evaluating a nail, the method comprising
the steps of:

generating an ultrasonic wave;

transmitting the ultrasonic wave towards the nail;

reflecting returning ultrasonic echoes from the nail;
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analyzing the returning ultrasonic echoes to determine at

least one parameter of the nail; and

displaying data representative of the at least one parameter

of the nail.

15. The method as recited in claim 14 further including the
step of evaluating the at least one parameter of the nail to
determine a condition of the nail.

16. The method as recited in claim 14 wherein the at least
one parameter of the nail is one of thickness, density and
elasticity.

17. The method as recited in claim 14 wherein the ultra-
sonic wave has a frequency between 15 MHz and 50 MHz.
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