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ABSTRACT

It is evident that the uterine cervix structure determines its nature, and hence its de-
gree of incompetence. An increased water content changes the tissue density, and hence
changes the sound velocity in the cervix,

The distance between the gestational sac and the internal os is measured at different
weeks of pregnancy for the competent and incompetent cases. The sac reaches the cervical
border earlier in the incompetent case. The length of the cervix is also measured for both
cases at different urinary bladder capacity.

A hydraulic model is also developed to predict the elasticity of the cervix in both
cases. The use of a tissue signature parameter, viz the backscattering coefficient might be
helpful to assess the degree of competence.

INTRODUCTION .

The diagnosis of cervical incompetence can be achieved by evaluating the clinical
history of muitigravid patients. If the typical history of incompetence is not noted, the
clinician may rely on observing the appearance of symptoms which are usually observed late
in the course of this condition. The condition is more complex for primigravid patients with
congenital incompetence, the diagnosis is almost always missed entirely [1].

Until the eighth week of pregnancy the structural configuration of the body, isthmus
and cervix is the same as in the non-pregnant uterus. Until the twelfth week there is hyper-
tru;ihy with consequent lengthening and thickening of the isthmus, as takes place in the rest
of the uterine body.

The cervix consists mainly of fibrous tissue with varying quantities of smooth muscle;
the inner part of the cervix is mainly collagenous, with some scattered nonfunctional muscle
fibers.

During labor, elevation of the proportion of mucopolysaccharide to collagen above a
critical level is associated with an influx of water into the tissues. This produces an im-
balance between the cohesive and dispersive forces interacting between collagen structural
units. Immediately postpartum the excess water is absorbed and the cervical collagen struc-
ture returns to its prepartum level of compliance [1]. It is thus clear that the uterine cervix
structure determines its elastic nature, and hence its degree of competence.

METHODOLOGY AND RESULTS
Measurement of the sound velocity in an elastic tissue will give information about its

density and elasticity. The speed of propagation in tissue is given by:
0.5

E (1L - &)
c=[- ] ()
B {1 +8)1(1 = 36}

wher E is Young’s modulus of elasticity, p the density, and & Poisson’s ratio.

Each kind of tissue has its characteristic density and elasticity, hence a characteristic
speed "¢” of propagation for longitudinal oscillations. Changes in elasticity and/or density of
the tissue mql accordingly appear as a change in the sound velocity, provided there is no
change by a costant ratio (2].
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It is thus clear that the competent cervix uteri has a more elastic nature than the in-
competent cervix [3]. Using conventional invasive, nonultrasonic techniques are neither
specific nor sensitive for predicting the degree of incompetence. A noninvasive, ultrasonic
technique using inner body forces may then be of value in this respect and is the subject of
the present investigation.

The first step is to measure the cervical resting length, the resting diameter, and the
angle between the longitudinal axis of the cervix and that of the bladder. This is all done
with an absolutely empty urinary bladder. The cervical elongation, bladder volume and cer-
vical diameter are all measured when the bladder is full. Figs. (1 and 2) depict the cervical
elongation vs bladder volume for the competent and incompetent cases, whereas Figs. (3
and 4) depict the cervical strain vs the effective normal forces applied by the bladder against
the uterine cervix.

Fig. (5) shows the distance between the gestational sac and the internal os vs dif-
ferent weeks of gestation for competent and incompetent cases. Figs. (6 and 7) show the cer-
vical strain vs weeks of pregnancy for both cases. Figs. (8 and 9) show the cervical strain
plotted vs the normal stress resulting from the bladder load on the cervical domain, from
which an estimate of Young’s modulus of elasticity and Poisson’s ratio can be computed.
Using Eq. (1), the sound velocity can then be estimated, and the results are shown in Table

1).

! A tissue signature parameter, the backscattering coefficient is also computed. This
coefficient is defined as the scattered power {owing to random reflections resulting at an in-
terface between two media of mismatched impedances) per unit solid angle per unit inci-
dent intensity and unit scattering volume, when the incident and scattered beams are op-
posite to each other in direction (ie., when the same transducer is used as the transmitter
and receiver). This coefficient is measured in em™'Sr’' [4]. Mathematically the backscatter-

ing coefficient p,_ is expressed as

Hes =
anv
r? k* a
k a
where P, = scattered power = (2)

n-Ruz {1+4kﬂ1 a.‘t}:

r, = fractional compressibility variation
k = wave number = 2rf/c
R'?D = range of the transducer
a = average scatterer separation
V = scattering volume

Fig. (10) shows the backscattering coefficient vs different weeks of gestation for the
competent and incompetent cases. Figs. (11 and 12) show the backscattering coefficient vs
attenuation for all competent and incompetent cases, while the results are shown in Table
2).
@ A simple model for the human cervix uteri during the first trimester has been
developed.

Fung, (1967), found that for soft biological tissue in a tension experiment the
tension-length relationship is exponential. For moderate strains involved in cervical elonga-
tion, the linear stress-strain relation may be poor and an exponentially elastic property is
considered [5].

The simplest exponential tension-length relation is
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F = Aexp[B (L-L )] (2)
s§L = L-L, = (/B) In (F/A)

where sL is the longitudinal extension, A and B are tissue constants; A is proportional to
the applied force while B is a function of elasticity. It is evident that Eq. (2) exhibits a non-
zero stress at zero strain. There are three reasons supporting this statement:
1; Soft tissue is in a state of initial stress at its normal length.
2 Synder, (1972), found that adding a constant to make the stress equal to zero when
the strain is zero creates computational difficulty.
3) For large strains the effect of initial stress is small.
By applying the previously described technique of using the bladder as the source of
force causing cervical elongation with force analysis and Newton’s law of forces, and since
the resultant tensile force is exponential, it turns out that:

F=T+K+e
F = Aexp[B (L-L,)]

T = normal force applied by the bladder on the cervical tissue
K = initial force at zero strain
€ = erTor term
A and B are tissue constants.
The following are some assumptions that underlie this way of modeling:
1- The system consists of the uterus, cervix, and urinary bladder.
2- The force applied by the bladder is the driving force.
3- Frictional and inertial forces are negligible.

The model, which was merely developed for nonpregnant cases and first trimester
pregnant cases only considers the effect of the bladder volume on cervical extension, while it
neglects the effect of this volume on the uterus. This is because the force exerted by the
bladder on the body of the uterus is smail when compared to the very strong muscles in the
uterine wall, in addition to the fact that the uterus moves transversely to be only in the an-
tiflexed position, i.e. coaxial with the cervix. This transverse movement is also limited as a
result of the attachment of the uterus to the posterior aspect of the pelvis by border and

round ligaments.
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Tabile (1-a)

Campatent
Casa| — Ro | RI | AR o F ¥ E c
1 0.367 13 1.28 | 002 |Q015 | 0315 | Q.08 Q.17 1520
2 Q.129 | 1.26 1.33 | 0.03 jo0.02 102 Q.18 1.36 1560
3 00714 1.4 1.4 0 Q .3 0.2 33 1630
4 0083 1.3 1.3 0 0 EA49 0.22 2.72 1645
3 0273 1.48 1.25 | 003 |0.109 | 1.38 0.30 119 1610
& 107 1.2 116 | 004 |0374 | 1.315 | 0.29 272 1635
Tabile {1-b)
Incompstent
Case = Ro R1 | AR P F oy E C
i 0.367 I3 128 | Q.02 |0.015 | 0315 | 006 Q.17 1520
2 0.129 136 | 1.33 | 0.03 | 002 1.02 0.18 1.36 1580
3 00714) 1.4 1.4 0 a 1.8 a2 3.3 1630
e 0.25 1.32 [ 1.29 | 003 |0.023 | 1.44 027 0.69 1600
- 0.25 13 127 | 003 | 0023 | 4.3 006 | 0.23 1520
& 0.24 1.34 | 1,32 | 002 | 0.015 | 0.53 Q.09 0.39 1580
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Table (1)

Compsetsnt Pregnant
Case | = Ro RI | AR o F > E =
1 o704 | 12 |10 |0015|0.187 | 0.113 | 0.025 | 0.035 | 1529
g ol somad 52 |3 ) @ o |o013 |o0287| 035 |1530
3 | o007 M1e f ok g e o |o089 | 0238| 3.36 | 1870
a |os22] 119 | 10 019 | 0173 1684 | 037 | 095 | 1600
s | ozi8| 122 | 1.2 002 | 0.016| 189 | 042 | 1.31 | 162S
6 | oss | 12 | 106|014 | 0083| 216 | 048 | 0.74 | 1540
7 | g2 | 125 | 11 |02 |egzi| 232 | 083 | 064 | 1580

Table (1-d)

Incompetent Pregnant
Cn| € | o |rijar]| S| [ Q] €| ¢
I | 025 | 15 [ 13 [002 (0615|031 0058|0232 1320
2 024 | 1685 | 135103 |0925|0.528 | 009 | 0414 1533
3 0129 14 |14 | o 0 | 0607| 0.114|0.886 | 1560
4 036 | 14 (13 |01 |000z2|0653]|0.123) 0341 1515
S 055 | 1.7 | 15 |02 |0242|0803(0.152|0.274 | 1545
& 0409] 16 | 14 |03 |0436( 1514 | 0.28% | 0.897 | 1550
7 0.389 1.5 1.3 |02 |0395| 143 | 027 | 0694 1580
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Table (2-al

COMPETENT
CASE B.S.C MG L Al TERMUATION SOUMD SPEED
1 0.034 30 0.00156 1690
2 0.015 25 0.0033 1650
3 0.0063 27 0.0132 1645
4 0.0002 20 0.343 1610
B 0.00014 19 0.414 1540
6 0.0036 18.03 0.0297 1630
7 0.00004 15 0.3987 1520
Table {2-b)
INCOMPETENT
CASE B.5.C MGL ATTEMUATION SOUHID SPEED
1 0.0036 29 0.0133 1620
2 0.0043 31 0.054 1630
3 0.0034 25 0.175 1540
4 0.0002 18.5 0.308 1525
5 0.0007 16 0.343 1860
6 0.0004 15.8 0.425 1520
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Table (2-c}

COMPETENT\PERGNANT
wAaSE 8.3 L R Al TEN W3 JAFEED
1 0.029 33 0.0017 5.5 1670
2 0.008 29 0.0418 10 1628
3 0.004 15 0.0543 16 1580
4 0.0013 25 0.07 1 20 1600 li
- 0.0004 23 0.269 22.5| 1840
6 0.00034 19 0.434 7 1529
7 0.00032 18.03 0.535 29 1530

Table (2-d)

INCOMPETENT\PERGNANT
CASE B3O ~ MG ATTEM WHES S EREED
1 0.021 30 0.0414 7 1560
2 0.089 ay 0.0198 12 1520
3 0.0024 29 0.0388 16 1860
4 0.0036 25 0.1334 22 - 1545
5 0.0002 19.5 0.308 | 25 1529
6 0.00007 16 0.343 30 1633
i 0.00004 15.8 0.425 35 1518
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