US 20080027351A1

a2y Patent Application Publication (o) Pub. No.: US 2008/0027351 Al

a9y United States

McKenna et al.

43) Pub. Date: Jan. 31, 2008

(54) DIE SWELL FERTILITY ASSESSMENT FOR
HUMANS AND OTHER MAMMALS:
APPARATUS AND METHOD

(76) Inventors: Gregory B. McKenna, Lubbock,

TX (US); Stephen J. Usala,

Amarillo, TX (US); Mark W.

Vaughn, Lubbock, TX (US); Jian

Wang, Lake Jackson, TX (US);

Wei Wang, Lubbock, TX (US)

Correspondence Address:

JOHN K. BUCHE

7777 FAY AVENUE, SUITE 205
LA JOLLA, CA 92037

(22) Filed: Jul. 17, 2006
Publication Classification
(51) Inmt. Cl
A61B 10/00 (2006.01)
(52) US. Cli o 600/551
57 ABSTRACT

A method and apparatus for assessing fertility in mammalian
females comprising sampling cervical-vaginal fluid, mea-
suring one or more of the sample’s viscoelastic properties,
and evaluating the measurement to determine fertility. Pref-
erable embodiments of the current invention may utilize
measurement of the viscoelastic property of die swell ratio,

(21) Appl. No.: 11/487,716 or other viscoelastic properties of cervical-vaginal fluid.
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DIE SWELL FERTILITY ASSESSMENT FOR
HUMANS AND OTHER MAMMALS:
APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Not applicable.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

BACKGROUND OF THE INVENTION

[0003] 1. Field of Invention

[0004] The present application relates generally to medi-
cine and veterinary practice, and, more particularly, methods
and apparatus useful for assessing the level of fertility in
mammalian females.

[0005] 2. Background of the Invention

[0006] Methods and devices for assessing the level of a
woman’s, or female mammal’s, fertility are important for
primarily two reasons: contraception and, conversely,
improving the likelihood of conception.

[0007] Contraceptive use in the United States is virtually
universal among women of reproductive age: 98% of all
women who ever had intercourse had used at least one
contraceptive method in a 2002 survey (W D Mosher et al.,
“Use of Contraception and Use of Family Planning Services
in the U.S.: 1982-2002”, Advance Data, 350:1-36, Dec. 10,
2004, Center for Disease Control (CDC)). The CDC statis-
tics show a high rate of experience with non-chemical and
non-barrier methods of contraception. In 2002 the percent-
age of women 15-44 years of age who have ever had sexual
intercourse and who have ever used calendar rhythm was
13.9-16.6%, periodic abstinence/natural family planning
was 1.9%-4.7%, and withdrawal was 47.2-59.7% (WD
Mosher et al., Advance Data 350:1-36, Dec. 10, 2004,
CDC). These data suggest that there is an interest in more
“natural” methods of family planning. Fertility experts feel
there is a need for “safer, more effective, and more user-
friendly contraceptives.” (V F Strauss and M. Kafrissen,
“Waiting for the second coming”, Nature 432: 43-45, 2004).
[0008] The other issue of family planning—improving the
rate of pregnancy—is not addressed by hormonal or barrier
contraception. Sexual intercourse is unlikely to result in
conception unless it occurs during the 6-day fertile interval
ending on the day of ovulation (D B Dunson et al., Human
Reproduction 14:1835-1839, 1999; A J Wilcox et al., NEIM
333:1517-1521, 1995). A problem with fertility is defined as
a year of unprotected coitus without conception. This affects
10-15% of couples of reproductive age, and is largely due to
improperly timed attempts at conception. Thus, a family
planning method that could be used to determine a woman’s
level of fertility, and thereby increase the probability of
pregnancy, would be extremely useful.

[0009] Over the past several years there has been much
interest in developing methods to predict and detect the time
of ovulation and measure the level of fertility throughout the
human menstrual cycle. For various health, religious, and
philosophic reasons there is a great interest in natural
methods of birth control which utilize biologic indicators of
fertility to define an interval of sexual abstinence (G Freundl
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et al., Gynaekologe, 31:398-409, 1998; The European Natu-
ral Family Planning Study Groups, Adv Contraception
15:69-83, 1999).

[0010] One such method of using biological indicators to
assess female fertility, described in U.S. Patent Application
#20050171454, employs analysis of a urinary metabolite of
estrogen (estrone-3-glucuronide) and luteinizing hormone
(LH). One of the primary drawbacks of this method is
practicality, as this test is expensive and requires consider-
able reagents. Additional impracticability, and inaccuracy,
may abound in that the levels of urinary estrone-3-glucu-
ronide may be variably connected with the level of fertility
depending on the quality of cervical-vaginal secretions.
Thus the biological indicator employed in that test may be
a derivative, and a step removed, from the primary indicator
of cervical-vaginal secretion quality. Other methods of mea-
suring various hormones, such as progesterone, have similar
issues of cost, reliability and accuracy.

[0011] Many of the other natural methods of family plan-
ning in current use (e.g., Billings Method) depend on
indicators such as the texture and sensations of cervical
mucus and cervical-vaginal secretions to predict the fertile
phase of the cycle (J J Billings, The Ovulation Method
Manual, Family of Americas Foundation, The Liturgical
Press Collegeville, Minn., 1994). These methods are indi-
vidualistic and subjective, and thus lack quantifiable and
objective data for determining the level of a female’s
fertility.

[0012] Some female fertility assessment methods attempt
to quantify the various qualities of the cervical mucus, based
on the strong correlation between the quality of this fluid and
the fertility of a female. Some of the these methods include
using a refractomeric device to measure the refractive index
of cervical mucus (U.S. Pat. No. 6,149,591), or using
acoustic waves to measure the viscosity of cervical mucus
(U.S. Pat. No. 4,691,714). Both of these methods again have
problems of consistency and accuracy. Additionally, and
importantly, both of these methods are impractical for per-
sonal use, as it is extremely difficult for women to obtain
pure cervical mucus on their own.

[0013] The volume of cervical-vaginal secretions has also
been employed as a biological indicator of female fertility.
As described in U.S. Pat. No. 4,534,362, a Volumetric
Vaginal Aspirator has been developed to allow women to
take and read the volume of a daily sample of their cervical-
vaginal secretions, and observe the timing of a volume peak
that occurred approximately simultaneously with the peak in
serum estradiol that precedes ovulation—thus predicting
fertility. However, tests have shown that this volumetric
analysis was able to predict fertility consistently in only a
small proportion of women (A M Flynn et al., Human
Reproduction 12: 1826-1931). Additionally, many women
may not obtain sufficient cervical-vaginal fluid during the
fertile period to register a significant enough change indica-
tive of ovulation. Thus, volumetric analysis of cervical-
vaginal fluids is also hampered by relatively low sample
volumes (~0.2 ml. at volume peak) in some women.
[0014] Other devices have attempted to measure the elec-
trical resistance of vaginal fluid. However, again it appears
that the measurement phenomena are not always demon-
strably reliable.

SUMMARY OF PREFFERED EMBODIMENTS

[0015] Accordingly, it is an objective of the present appli-
cation and various embodiments described herein to provide
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an improved method and apparatus for assessing female
fertility in humans and other mammals.

[0016] It is yet another object of the present application
and various embodiments described herein to provide an
apparatus capable of utilizing the viscoelastic properties of
cervical-vaginal fluid to assess a female’s level of fertility.

[0017] It is a further object of the present application and
various embodiments described herein to provide an appa-
ratus capable of utilizing the viscoelastic properties of
cervical-vaginal fluid to assess a female’s level of fertility,
where the type of viscoelastic property analyzed is that of a
die swell ratio.

[0018] It is another preferable object of the present appli-
cation and various embodiments described herein to provide
a method for assessing female fertility levels, by which a
woman could examine herself with little outside assistance.
[0019] Other objectives of the application and various
embodiments described herein will become apparent to
those skilled in the art once the preferred embodiments have
been shown and described. These objectives are not to be
construed as limitations of applicant’s invention, but are
merely aimed to suggest some of the many benefits that may
be realized by the apparatus and methods of the present
application and with its many embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The manner in which these objectives and other
desirable characteristics can be obtained is explained in the
following description and attached drawings in which:
[0021] FIG. 1 is a perspective view of a preferable die
swell fertility apparatus.

[0022] FIGS. 2A, 2B and 2C comprise a perspective view
of the motor apparatus and extrusion apparatus of a prefer-
able embodiment of the present application, shown through
three stages of operation.

[0023] FIG. 3 is an enlarged front view of the extrusion
apparatus of a preferable embodiment of the present appli-
cation.

[0024] FIG. 4 depicts the die swell images of samples of
cervical-vaginal fluid for days 11, 12,13, 14, 15, and 16. The
day of putative ovulation was Day 14.

[0025] FIG. 5 depicts a line graph of plotted die swell
ratios as a function of a day in a woman’s fertility cycle.
FIGS. 6 and 7 are tables that represent data from a case study
for the menstrual cycle of a patient (XS3). Included as data
in FIG. 6 as a function of day of cycle are: cervical-vaginal
fluid sample volume, urine LH (luteinizing hormone) level,
basal body temperature, serum LH, serum follicle stimulat-
ing hormone (FSH), serum estradiol, and serum progester-
one levels. Day of putative ovulation (serum LH peak) is day
14. FIG. 7 considers day of cycle, die swell ratio, cervical-
vaginal fluid sample volume, basal body temperature (° C.),
Urine LH level, Serum LH level, and stretchability (milli-
meters). FIG. 8 is a graphical depiction of various physi-
ological measurements from the case study of the menstrual
cycle of a patient (XS3).

[0026] It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this inven-
tion and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective
embodiments that will be appreciated by those reasonably
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skilled in the relevant arts. Also, drawings are not necessar-
ily made to scale but are representative.

DETAILED DESCRIPTION OF PREFFERED
EMBODIMENTS

[0027] FIG. 11is a perspective view of a preferable fertility
assessment apparatus, for use in an analysis of viscoelastic
properties of cervical-vaginal fluid, including to assess fer-
tility levels. Viscoelastic properties of cervical-vaginal fluid
fluctuate in a measurable and meaningful way throughout
the menstrual cycle, and likely correspond to sperm’s sur-
vival and/or motility rates, and which properties correlate
with various hormonal changes effecting fertility. Fertility,
as referred to in this disclosure, is a term speaking to the
tendency or capacity of an individual to become or not
become pregnant. Fertility may also relate to the time(s) at
which the cervical-vaginal fluid donor is most likely to
become pregnant. By assessing fertility, this disclosure is
referring to a prediction of this time, whether the time the
donor is most likely to become pregnant is already past,
current, or at some point in the future. The analysis of the
measurement can be either of the absolute value of the
measurement or by comparing the change between the
current and past measurements. The viscoelastic properties
of the cervical-vaginal fluid will decrease or increase as
ovulation approaches depending on the viscoelastic property
measured. This should be observable for several days prior
to ovulation. After ovulation, the viscoelastic properties of
the cervical-vaginal fluid will increase or decrease respec-
tively depending on the viscoelastic property. However, this
process is not limited to comparison of a series of measure-
ments, as the absolute value of these measurements alone
may be an indication of fertility.

[0028] The preferable embodiment depicted in FIG. 1 is
an apparatus useful for analyzing the viscoelastic property of
die swell ratio of a sample of cervical-vaginal fluid 1.
Cervical mucus is a hydro-gel-like substance with viscoelas-
tic properties; these properties are mainly due to the large
glycoprotein MUCS5B, which is a gel-forming, oligomeric
mucin. The hydration content and viscoelastic characteris-
tics of MUCSB and cervical mucus tend to change as a
function of phase of the menstrual cycle. Cervical-vaginal
fluid, which contains cervical mucus, retains viscoelastic
properties, which are a function of phase of the menstrual
cycle and can be measured with preferred embodiments
described herein. The Die swell or extrudate swell is related
to a substance’s elasticity. The term die swell is used to
describe the expansion of a polymer solution or fluid
through a die 5 (or capillary tube or nozzle) and can be
quantified as a die swell ratio defined as: B=D/(2R), where
B is the die swell ratio, D is the diameter of the expanding
fluid when extruded through a die 5, and 2R is the inner
diameter of the die 5. Cervical-vaginal fluid is also prefer-
ably described as a non-Newtonian fluid susceptible to
analysis by die swell. The normal force present in the die
swell process is proportional to the elastic modulus, which
in turn is proportional to the die swell ratio to the third power
(B?). Thus, the die swell ratio is a preferable parameter to
measure the viscoelasticity of cervical-vaginal fluid and is
related to phase of the menstrual cycle. Die swell ratio, B,
is typically defined as the maximum diameter of the
extruded fluid (D,,) divided by the inner diameter of the die
(2R) and usually increases as shear rate increases. The die
swell ratio is also affected by the die’s length to radius ratio,
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L/R. When L/R>16, the flow velocity gradient near the inlet
of the die may preferably be ignored and die swell is only
due to the first normal stress difference. When L/R>40, the
die swell ratio is preferably regarded as independent of die
geometry. These features have been incorporated into the
preferred embodiment detailed below, though they are not
essential. Further, the method and apparatus disclosed in the
present application may also use the die swell width as a
measurement, if the same die 5 is used for all measurements.
In that instance, the percentage change in the width is
equivalent to the change in the die swell ratio. For two
measurements of die swell diameter D, and D,, (D,/D,)=
(D,/2R)/(D,/2R) where R is the inner radius of the die 5 as
described above. Further, an arbitrary number could also be
used for R in this situation and still be a viable method.
However, it must be noted that other methods and embodi-
ments are contemplated for measuring any other viscoelastic
properties of cervical-vaginal fluid 1 apart from the die swell
ratio.

[0029] Basic preferable components shown in the assem-
bly FIG. 1 comprise an extrusion apparatus 2, a motor
apparatus 9, a mounting apparatus 15, a camera 21, and a
computer 23. The extrusion apparatus 2 preferably serves as
the die 5, but it is contemplated that any other controllable
method of fluid extrusion could serve this function with
similar results. As shown in FIG. 1, a preferable embodiment
of the extrusion apparatus resembles a typical syringe and
may comprise an extrusion body 3, die 5, and extrusion
plunger 7. As noted above, the inner diameter of the die 5
may, but need not, be known for proper die swell analysis.

[0030] As depicted in FIG. 1, a preferable motor apparatus
9 may be comprised of a motor 10 and a piston 11. Through
its interaction with the computer 23 and motor control 27, a
motor apparatus 9 preferably serves to control the rate of
extrusion through the extrusion apparatus 2. Thus, one
skilled in the art could envision any number of methods for
controlling the rate of extrusion, including but not limited to
vacuum tubing, hydraulic, or other mechanical means. In
this instance, the moving velocity of the plunger 7, which is
rigidly affixed to the piston 11, is regulated by a motor
control 27 (or digital variable resistor) connected to the
motor 10 (linear stepper preferred). In calibrating an extru-
sion apparatus 2, a user may preferably consider that shear
flow rate of a viscous fluid on the inner wall of a capillary
tube is called wall shear rate and is typically calculated by
(4Q)/((p1)(R?)), where Q is volumetric flow rate and R is the
inner radius of the capillary tube. Volumetric flow rate may
be obtained by the product of the inner area of a syringe and
the moving velocity of the plunger. FIGS. 2A, 2B, and 2C
show the details of one preferable syringe and needle, which
serves as the die. A preferred 1 ml or lesser volume dispos-
able syringe may hold the cervical-vaginal fluid sample,
although other sizes may work. Also preferable is a
21-guage blunt tip needle (OD=0.032 in, ID=0.02 in,
L/R=50), or other size may be attached to the syringe. The
moving velocity of the piston 11, which should preferably
equal the moving velocity of the plunger 7, is preferably
regulated by a digital variable resistor connected to a motor
10. The velocity of the piston 11 may then preferably be
calibrated by an optical method: let the piston 11 move a
short distance, measure the initial and end height difference
at the lower edge of the piston 11 through a cathetometer
along with the elapsed time, and the true moving velocity of
the piston 11 at a given resistor value is obtained. The

Jan. 31, 2008

corresponding wall shear rate is then obtainable. As wall
shear rate increases, the die swell ratio increases but the flow
time of the cervical-vaginal fluid shortens. The optimal wall
shear rate is the greatest die swell ratio where the steady flow
region can be determined, though non-optimum shear rates
can be used.

[0031] FIG. 1 also displays a preferable arrangement of
the mounting apparatus 15. Although other arrangements are
contemplated, in this embodiment, the mounting apparatus
15 is comprised of a three-tiered rack system for accommo-
dating the motor apparatus 9, extrusion apparatus 2, and
collection receptacle 19. In this embodiment, the extrusion
apparatus 2 is preferably secured in the extrusion device
mounting mechanism 17 at a position adjacent to, and in
contact with, the distal portion of piston 11 of the motor
apparatus 9, and substantially perpendicular to the camera
21 in the camera’s 21 field of vision. In this preferred
embodiment the extrusion apparatus mounting mechanism
17 is merely an aperture through which the extrusion device
2 may be securely fixed, but one skilled in the art may
envision any number of ways of removably affixing the
extrusion device 2 to the mounting apparatus 15. The piston
11 rests upon the plunger 7 and, upon activation by the
stepper motor 10, may cause extrusion of the cervical-
vaginal fluid 1. The collection receptacle 19 rests on the
bottom tier of the mounting apparatus 15 and serves to catch
the fluid 1 as it is extruded from the die 5. The collection
receptacle 15 may be comprised of countless shapes and
materials capable of performing this function.

[0032] Also depicted in FIG. 1 is a preferred interaction of
the camera 21, computer 23, data acquisition device (DAQ)
25, and motor control 27. The computer 23 serves to view
and analyze images captured by the camera 21, and to
synchronize the initiation of the motor apparatus 9. In this
embodiment, the stepper motor 10 is directly controlled by
a motor control 27 (or chopper drive), which itself is
optionally controlled by the computer 23 through a prefer-
able DAQ board 25. The motor control 27 is preferably any
means useful to convert or harness electronic information
acquired or received from the DAQ or computer into com-
mands or information usable for directing or communicating
with or controlling operation of the stepper motor 10. These
preferable components may combine to control the start,
speed, regulation, and duration of the stepper motor’s 10
operation—and one skilled in the art will be able to envision
numerous ways of performing this function. The camera 21
is preferably capable of taking high quality video at a high
level of zoom, such that the video imagery of the fluid 1
expulsion is of analytical quality, and capable of being
transferred to the computer 23. This camera 21 may be, but
is not limited to, a high resolution CCD video camera
equipped with a high magnification close zoom lens capable
of recording video at the speed of a preferable rate of 30
frames per second (fps). Other speeds or frames per unit of
time may be desirable.

[0033] As depicted in FIG. 1, a preferable embodiment of
a method employing a die swell fertility assessment appa-
ratus operates as follows. Cervical-vaginal fluid 1 is typi-
cally collected from the female subject’s upper vagina or
posterior fornix region, and placed in the extrusion appara-
tus 2. This fluid may be collected by the woman or techni-
cian through use of any number of extraction methods
including but not limited to: swabbing, a common dull-
tipped syringe, or something akin to the Volumetric Vaginal
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Aspirator of U.S. Pat. No. 4,534,362. The volume of cervi-
cal-vaginal fluid withdrawn for the testing may be approxi-
mately 0.2-0.5 ml, but the apparatus and methods described
herein are not intended to be limited by this volume range.
As an example, a V2 inch long 21-gauge blunt tip needle may
preferably serve as the die 5 and is affixed to the distal end
of the extrusion apparatus 2. The extrusion apparatus 2 is
then preferably firmly mounted into the extrusion apparatus
mounting mechanism 17 in a position spanning the region
from the bottom of the piston 13 to the field of vision of the
camera 21. The user then may preferably initiate function of
the device via the computer 23 interface, causing the DAQ
25 and motor control 27 to signal the stepper motor 10 to
begin the extrusion process.

[0034] FIGS. 2A, 2B, and 2C depict a typical progression
of the motor apparatus 10 and expulsion apparatus 2 upon
initiation of the extrusion process. The activated stepper
motor 10 is rigidly affixed to the piston 11 and causes it to
move, at a regulated speed and distance, downward (FIG.
2B). As the piston 11 is in direct contact with the plunger 7
of'the extrusion apparatus 2, the downward movement of the
piston 11 causes proportionate downward movement of the
plunger 7. The downward movement of the plunger 7 causes
pressure in the extrusion body 3, which results in the
cervical-vaginal fluid 1 being extruded from the die 5 (FIG.
20).

[0035] FIG. 3 depicts an enlarged view of the cervical-
vaginal fluid 1 exiting the extrusion body 3 and the die 5.
Important measurements of note that may be made include
2R which indicates the inner diameter of the die 5, L that
indicates the length of die 5, and D, which indicates the
maximum diameter of the cervical-vaginal fluid swell.
[0036] Simultaneously with expulsion of the cervical-
vaginal fluid 1 through the die 5, the camera 21 records the
flow of fluid 1 for analysis through direct inspection of
images or through image processing. In the case of analysis
using inspection, dozens of frames are typically viewed and
the steady flow region is identified. The steady flow region
is preferably defined as the extrusion depicted in a camera
frame where the maximum diameter of cervical-vaginal
fluid swell (D,,) is at equilibrium. One frame within this
steady flow region is selected by inspection on the computer
23 and converted into an image for further analysis. From
analysis of this frame the die swell ratio is obtained by the
ratio of D, (the diameter of the maximum swell or flow) to
2R (the inner diameter of the needle).

[0037] FIG. 4 depicts video data from the steady flow
region captured by the camera 21 and displayed on the
computer 23. These images are of the die swells created
using cervical-vaginal fluid samples 1 from a human patient
(XS3) for days (from left to right in FIG. 4) 11, 12, 13, 14,
15, and 16 of her menstrual cycle. Day 14 is the day of serum
luteinizing hormone (LH) peak, or the day of putative
ovulation. Days 11,12, 13, 14, 15, and 16 correspond to days
-3,-2, -1, 0, +1, +2, respectively, where day 0 is the day of
ovulation. FIG. 4 shows the die swell ratio as a preferable
parameter used for fertility and infertility signals and is
readily obtainable from the die swell fertility assessment
apparatus. The die swell ratio (B) for cervical-vaginal fluid
samples from a patient (XS3) are shown. Also shown in FIG.
4 is the measurement D, which corresponds to the maxi-
mum diameter of the cervical-vaginal fluid 1 die swell. This
measurement may be taken by hand utilizing a ruler on a
computer 23 printout, or one skilled in the art may envision
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computer software or other means to automate the measure-
ment process. The video frames depicted were chosen from
dozens of frames to select the steady flow region for each
cervical-vaginal fluid sample; that is, the frames where the
maximum diameter of cervical-vaginal fluid swell (D, ) is at
a preferable equilibrium. It can be observed from the pic-
tures that even without precise measurement of D, and die
swell ratio, significant differences in the maximum diameter
of flow for the cervical-vaginal fluid samples may be visu-
alized. The less fertile days 11 (-3), 15(+1), and 16(+2)
show greater die swell (extrudate diameters) consistent with
a greater storage modulus G', which is the preferred term to
describe a storage or elastic modulus, and which term
reflects the ability of materials to store energy. Cervical
mucus, which contains the heavily-glycosylated MUCS5B
protein with intermolecular disulphide bonding is a protein
that shows viscoelastic behavior. Previous researchers have
employed a microrheometer to determine the values of G' as
a function of frequency for pure cervical mucus throughout
the menstrual cycle and demonstrated a minimum in G' with
the estrogen peak and near the time of ovulation, and that
linear viscoelastic properties of cervical mucus change with
the phase of the menstrual cycle. However, the preferred
embodiment described herein contemplates measurement of
one nonlinear viscoelastic property, namely a die-swell ratio,
of cervical-vaginal fluid, which is useful in advanced fertil-
ity detection. Die-swell or extrudate swell has been related
to a material’s elasticity, though it is a non-linear viscoelas-
tic manifestation of this elasticity. It is generally used in
investigations of polymer rheology, though is not limited to
this use. The term die swell is preferably used to describe the
expansion of a polymer solution or fluid through a capillary
tube (die or nozzle) and can be quantified as a die swell ratio
defined as: B=D/(2R), where B is the die swell ratio, D is the
diameter of the expanding polymer solution when extruded
through a die, and 2R is the inner diameter of the capillary
or die. Die swell ratio typically increases as shear rate
increases and is affected by the die’s length to radius ratio.
Die swell ratio (B) has been found empirically to increase as
the elastic or storage modulus G; B is proportional to (G')*/3.
In a disclosed preferred embodiment, the time-in-cycle
changes in the die swell behavior of vaginal-cervical fluid
are employed for a method for fertility monitoring in
humans and other mammals. The die swell ratio, B, is
preferably calculated for each cervical-vaginal fluid sample
from days 11, 12, 13, 14, 15, and 16 of the menstrual cycle
of patient XS3. The die swell ratio, B, is calculated from the
maximum flow diameter, D, , divided by the inner diameter
of'the needle. Die swell ratio B is plotted as a function of day
of cycle (11(-3), 12(-2), 13(-1), 14(0), 15(+1), and 16(+2)).
Fertile days -2, -1, and 0 show cervical-vaginal fluid with
B values less than 2.1. Relatively infertile day -3 demon-
strated a B value of ~2.23. After ovulation, which occurred
on day 14, the B value rose precipitously. By day +2 with
progesterone value of 2.5 ng/ml, the B value was ~2.5. Of
interest and significance, even though the cervical-vaginal
fluid volume on day +2 (day 16) was high at 0.8 ml, which
was misleading in terms of indicating fertility, the B value
was quite high correctly indicating ovulation had already
occurred and that the patient was clearly in the infertile
phase. The B value is therefore highly beneficial to indicat-
ing the fertile and infertile phases. The die swell ratio B is
a reliable parameter that can track the time of cycle: the
characteristic function is a declining B value as fertility
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increases, a minimum B value at the time of maximal
fertility and near the time of ovulation, and a rapidly
increasing B value after ovulation and with the start of the
luteal phase. The phasing of the die swell ratio B and/or the
absolute value of the die swell ratio B can be used as an
indicator of fertility in the follicular phase and the transition
to the absolutely infertile luteal phase.

[0038] FIG. 5 displays the die swell ratio as a function of
the day of cycle plotted on a graph. The die swell ratio
diminishes as ovulation is approached, reaches a minimum
on the day of the serum LH peak (day of presumptive
ovulation) and rapidly rises after ovulation. The level of
fertility correlates with the reduction in the die swell ratio.
The level of fertility may be monitored by an absolute level
of die swell ratio, by the rate of change of die swell ratio, or
by the spectrum of the rate of change of die swell ratio. A
combination of any of these data may also be employed. The
start of the infertile phase is signaled by the increase in die
swell ratio. Family planning decisions regarding the timing
of sexual intercourse may then be based upon these die swell
data. Similarly, timing of breeding or artificial insemination
in mammals may then be based upon these die swell data.

[0039] FIG. 6 represents one sample of data obtained from
a study employing some of the preferred embodiments
described herein. The endocrine data for patient cycle XS3
are detailed. A comparison is made of endocrine data with
the die swell ratio B, which data relate to an improvement
in fertility assessment and/or ovulation detection. The day of
ovulation occurred on day 14, the day of the serum lutein-
izing hormone (LH) peak. Urinary LH was positive for two
days, day 14 and day 15; recent data have suggested that the
initial rise in urinary LH is a better index of ovulation, which
correlates here with the serum LH peak (R. Ecochard et al.,
British Journal of Obstetrics and Gynecology, 108:822-829,
2001). A urinary LH kit would not have provided as good an
indicator of the fertile phase as the die swell ratio B
measurements; the urinary LH signaled only days 14 and 15
as fertile. Day 15 is post-ovulatory and relatively infertile;
die swell ratio B indicated highly fertile days of 12, 13, and
14. The basal body temperature, which is a common natural
family planning method to signal the absolutely infertile
luteal phase was difficult to interpret in this cycle, and
indicated clear luteal phase only late on day 22 and after. The
cervical-vaginal fluid sample volume was sometimes rela-
tively low during the fertile phase (volume=0.4 on day 13)
and relatively high during the clearly infertile post-ovulatory
phase (volume=0.8 on day 17). The die swell ratio B was
independent of cervical-vaginal fluid volume and only
dependent upon the elastic modulus of the fluid, which in
turn is dependent upon the phase of the menstrual cycle and
level of fertility.

[0040] Preferable embodiments disclosed herein include a
fertility assessment apparatus comprising: an extrusion
apparatus through which fluid may be extruded; said extru-
sion apparatus being removably affixed to a motor apparatus
which, upon activation causes a fluid to be extruded from the
extrusion apparatus, and, a device for capturing the image of
the fluid being extruded. Further disclosed is a fertility
assessment apparatus further comprising an extrusion appa-
ratus that is a syringe. Further disclosed is a fertility assess-
ment apparatus further comprising a mounting apparatus
that maintains extrusion apparatus and motor apparatus in
proper relation to one another. Further disclosed is a fertility
assessment apparatus further comprising a motor apparatus
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consisting of a stepper motor and piston. Further disclosed
is a fertility assessment apparatus further comprising a
computer that controls the initiation of fluid extrusion and
image acquisition. Further disclosed is a fertility assessment
apparatus further comprising a computer, which controls the
initiation of fluid extrusion and image acquisition by the use
of a data acquisition board and motor control. Further
disclosed is a method of assessing fertility in mammalian
females comprising: measuring one or more viscoelastic
properties of a collected cervical-vaginal fluid sample; and,
analyzing said measurement to determine fertility. Further
disclosed is a method wherein said analysis is of the absolute
value of the measurement to determine fertility levels.
Further disclosed is a method wherein said analysis is of the
change over time between the current and prior measure-
ments to determine fertility levels. Further disclosed is a
method wherein the period between measurements is daily.
Further disclosed is a method wherein a property measured
is a die swell ratio. Further disclosed is a method wherein the
measurement is obtained by extruding cervical-vaginal fluid
through a die and capturing the image of said extrusion by
camera. Further disclosed is a method of utilizing a fertility
assessment apparatus comprising an extrusion apparatus
through which fluid may be extruded, said extrusion appa-
ratus being removably affixed or adjacent to a motor appa-
ratus which, upon activation causes a fluid to be extruded
from the extrusion apparatus, and a device for capturing the
image of the fluid being extruded. Further disclosed is a
method utilizing a mounting apparatus that maintains the
extrusion apparatus and motor apparatus in proper relation
to one another. Further disclosed is a method of using a
computer that controls the initiation of fluid extrusion and
image acquisition. Further disclosed is a method of a com-
puter that controls the initiation of fluid extrusion and image
acquisition by the use of a data acquisition board and motor
control. Disclosed is A fertility assessment apparatus com-
prising: An extrusion apparatus through which fluid is
forced; a force generating means removably attached to said
to extrusion apparatus and operably configured to cause
extrusion of said fluid from said extrusion apparatus; and, a
camera for recording images of extrusion of said fluid.
Further disclosed is a fertility assessment apparatus wherein
said force generating means is a motor apparatus. Further
disclosed is a fertility assessment apparatus wherein said
extrusion apparatus is a syringe. Further disclosed is a
fertility assessment apparatus wherein said extrusion appa-
ratus is oriented to permit extrusion of said fluid in a
downward direction. Further disclosed is a fertility assess-
ment apparatus further comprising a computer, said com-
puter electronically coupled to said camera. Further dis-
closed is a fertility assessment apparatus further comprising
a computer electronically coupled to said force generating
means, whereby said computer may communicate with said
force generating means. Further disclosed is a fertility
assessment apparatus wherein said computer is electroni-
cally coupled to a data acquisition device and motor control
that communicate data between said force generating means
and computer.

We claim:
1. A fertility assessment apparatus comprising:

an extrusion apparatus through which fluid may be
extruded;
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said extrusion apparatus being removably affixed to a
motor apparatus which, upon activation causes a fluid
to be extruded from the extrusion apparatus, and,

a device for capturing the image of the fluid being
extruded.

2. The fertility assessment apparatus of claim 1 further

comprising an extrusion apparatus that is a syringe.

3. The fertility assessment apparatus of claim 1 further
comprising a mounting apparatus that maintains extrusion
apparatus and motor apparatus in proper relation to one
another.

4. The fertility assessment apparatus of claim 1 further
comprising a motor apparatus consisting of a stepper motor
and piston.

5. The fertility assessment apparatus of claim 1 further
comprising a computer that controls the initiation of fluid
extrusion and image acquisition.

6. The fertility assessment apparatus of claim 1 further
comprising a computer, which controls the initiation of fluid
extrusion and image acquisition by the use of a data acqui-
sition board and motor control.

7. A method of assessing fertility in mammalian females
comprising:

a) measuring one or more viscoelastic properties of a

collected cervical-vaginal fluid sample; and,

b) analyzing said measurement to determine fertility.

8. The method of claim 7 wherein said analysis is of the
absolute value of the measurement to determine fertility
levels.

9. The method of claim 7 wherein said analysis is of the
change over time between the current and prior measure-
ments to determine fertility levels.

10. The method of claim 7 wherein the period between
measurements is daily.

11. The method of claim 7 wherein a property measured
is a die swell ratio.

12. The method of claim 7 wherein the measurement is
obtained by extruding cervical-vaginal fluid through a die
and capturing the image of said extrusion by camera.

13. The method of claim 7 utilizing a fertility assessment
apparatus comprising an extrusion apparatus through which
fluid may be extruded, said extrusion apparatus being
removably affixed or adjacent to a motor apparatus which,
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upon activation causes a fluid to be extruded from the
extrusion apparatus, and a device for capturing the image of
the fluid being extruded.

14. The method of claim 13 further utilizing an extrusion
apparatus comprising a syringe.

15. The method of claim 13 further utilizing a mounting
apparatus that maintains the extrusion apparatus and motor
apparatus in proper relation to one another.

16. The method of claim 13 further utilizing a motor
apparatus consisting of a stepper motor and piston.

17. The method of claim 13 further utilizing a computer
that controls the initiation of fluid extrusion and image
acquisition.

18. The method of claim 13 further utilizing a computer
that controls the initiation of fluid extrusion and image
acquisition by the use of a data acquisition board and motor
control.

19. A fertility assessment apparatus comprising:

An extrusion apparatus through which fluid is forced;

A force generating means removably attached to said to
extrusion apparatus and operably configured to cause
extrusion of said fluid from said extrusion apparatus;
and,

A camera for recording images of extrusion of said fluid.

20. The fertility assessment apparatus of claim 19 wherein
said force generating means is a motor apparatus.

21. The fertility assessment apparatus of claim 19 wherein
said extrusion apparatus is a syringe.

22. The fertility assessment apparatus of claim 19 wherein
said extrusion apparatus is oriented to permit extrusion of
said fluid in a downward direction.

23. The fertility assessment apparatus of claim 19 further
comprising a computer, said computer electronically
coupled to said camera.

24. The fertility assessment apparatus of claim 19 further
comprising a computer electronically coupled to said force
generating means, whereby said computer may communi-
cate with said force generating means.

25. The fertility assessment apparatus of claim 19 wherein
said computer is electronically coupled to a data acquisition
device and motor control that communicate data between
said force generating means and computer.
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