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KRIEWALL, TIMOTHY J. Uterine work in parturition. J. 
Appl. Physiol. 41(3): 316-322. 1976. -This paper presents a 
theoretical analysis relating work expended by the uterus to 
the synergistic relationship between intrauterine pressure 
(IUP) and c ervical dilatation (CD). By utilizing a geometrical 
model for the fetal presenting part which is assumed to be in 
contact with the cervix, the changes in internal volume of the 
uterus with each contraction can be shown to be functionally 
related to cervical dilatation. Thus work, expressed in terms of 
foot-pounds, can be calculated using the integral of pressure 
times incremental volume. By simulating intrauterine pres- 
sure and cervical dilatation with continuous analytical wave 
forms, the alterations required in uterine work to dilate the 
cervix are calculated for various wave-form aberrations which 
are seen in clinical situations. The wave-form aberrations are 
applied to an elastic cervical model as well as a viscoelastic 
model. Using the principles of thermodynamics, the areas of 
the fetouterine complex which absorb the work generated by 
the contractions are defined. It is shown that the efficiency of 
the contractions to dilate the cervix can be calculated by 
evaluating the work expended in these various areas of energy 
absorption. The purpose of this paper is to present the theory 
upon which clinical findings in obstetrics can be based so that 
conclusions drawn will be technically sound. 

uterine activity; physiology of labor; intrauterine pressure; 
cervical dilatation; labor contractions 

IN RECENT YEARS, renewed effort has been applied to 
developing instrumentation to measure continuously 
cervical dilatation in human parturition (5, 10). The 
state of dilatation is related to the progress of labor, and 
the ability to see the continuous progress of dilatation 
without the necessity of performing repeated pelvic ex- 
aminations is desirable. Yet, more information than 
simply the state of dilatation can be provided by such 
instrumentation. This paper deals with calculating 
uterine work and understanding its significance with 
respect to various changes in the intrauterine pressure 
and cervical dilatation wave forms. 

BACKGROUND 

Friedman (4) is credited with showing the importance 
of making frequent measurements of dilatation with the 
augmentation of labor. His labor graph shows that in 
normal labor, dilatation exhibits a reproducible pattern 
while aberrations in this pattern indicate abnormal la- 
bor. However, the labor graph is based on discrete 
measurements of a dynamically changing process. Ob- 
serving the dynamics with instrumentation elucidates 

that dilatation changes with each contraction (Fig. 1) 
and that this change diminishes with the augmentation 
of labor. 

It appears that this continuous change of dilatation 
with the contractions, if measured, might provide more 
insight into the progress of labor than simply the inter- 
mittent checks on the state of dilatation. The contrac- 
tions of labor pull open the cervix through the mecha- 
nism of brachystasis, or retraction (9). Work must be 
expended by the uterus to accomplish this. The inability 
of the uterine muscle to perform the work (e.g., in 
uterine dysfunction) can be observed if the work of each 
contraction can be calculated. Using mathematics and a 
few basic assumptions, the effects of various wave-form 
aberrations on uterine work can be examined. 

SUPPORTING THEORY 

The uterus can be considered an isothermal system 
(i.e., a volume whose temperature remains relatively 
constant). Any heat increase in the muscle with a con- 
traction is carried away by the blood flow through a 
heat-exchange process. The work, therefore, expended 
by the uterus must go into three attributes in changing 
its condition: a) the heat transferred from the uterus to 
the blood; b) the change in tissue characteristics (bra- 
chystasis, the thickening and shortening of the uterine 
muscle, and the soft tissue deformation of the vagina); 
and c) the change in internal volume. During the early 
stages of parturition, there is little change in internal 
volume and the work is dissipated in effacing the cervix 
(b) and in generating heat (a). However, as labor pro- 
gresses (c) becomes an increasingly more important 
area into which the energy of the contraction is chan- 
neled since it is the purpose of the contractions to dilate 
the cervix. 

Recognizing that a contraction is a quasi-equilibrium 
process, the work of dilating the cervix can be calculated 
by evaluating the integral of pressure and incremental 
volume. 

W = /PdV (1) 

The pressure can be measured directly using standard 
labor room monitoring techniques. The change in vol- 
ume can be calculated from the change in cervical dila- 
tation by using the following assumption. If the cervix is 
in close contact with the presenting part (Fig. ZA), a 
geometry can be assumed to evaluate the change in 
volume. The most basic geometry is that of a hemi- 
sphere for the presenting part, as shown in Fig. 2B. The 
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FIG. 1. Two portions of the chart recording on which dilatation 
and intrauterine pressure are plotted. A: from early labor B: from 
late labor. Cerv. Dil. = cervical dilatation; IUP = intrauterine 
pressure. 

P = P,, sin w,t + tonus 0 5 t 5 IUP dura- (4) 
tion 

P = tonus otherwise 

and 

D = D,, sin (w2t - 0) 
+ base 

D = base 

T, 5 t 5 (CD dura- 
tion) 

otherwise 

(5) 

where 

t = time in seconds 
w = 2n/(IUP duration in seconds) 

w2 = 2n/(CD duration in seconds) 
0 = phase lag = w2TD 
T D = time of delay between the pressure and dilata- 

tion wave forms 
P 0 = IUP amplitude in mmHg 
D 
&us 

= CD amplitude in cm 
= residual pressure which exists within the 

uterus between contractions 
base = state of dilatation between contractions 

The integral of Eq. 1 was found by evaluating the 
Riemann sum using a time differential of 2 s. In order to 
evaluate the work, W, in terms of foot pounds (R-lb), a 
conversion factor accounting for the unit change of 
9.8333 x lo-” R-lb/mmHg-cm3 was used in Eq. 1. 

A final remark should be made regarding Eq. 1 as it 
relates to calculating work arising from two sources of 
pressure. It is within the rules of calculus to separate 
the integral as follows 

W = /(PI + P,) dV = lP,dV + \P,dV (6) 
-2 0 +L 

FIG. 2. A: Modeling the fetal head as a sphere with which the 
cervix (hatched) is in close contact can be used in the calculations of 
uterine work. B: Assuming the presenting part can be represented 
by a hemisphere, uterine work can be calculated using the integral 
of pressure times incremental volume. 

diameter of the hemisphere is taken as 10 cm. The 
internal volume change is equal to the external volume 
(AV) of a slice of the hemisphere delineated by the 
beginning and ending values of dilatation (or dilatation 
divided in half, R, and R, respectively). The volume is 
given by the equations 

t 

IUP 
AMPLI. 

TONUS 1 

AV = ~T=AS (3R22 + 3R,’ + AS2)/6 (2) 

where 

AS = R, (1 - (R3/R,)“Y2 - R, (1 - (RJR,)2)“2 (3) 

and 

INTRAUTERINE 
PRESSURE 

TIME 

k 
DILATATION 

R 1 = 5 cm 

Although Eq. 2 and 3 are complex, the integral of PdV 
can be easily evaluated on the computer. By approxi- 
mating the wave forms seen in labor as shown in Fig. 1 
with mathematically defined wave forms (Fig. 3), alter- 
ing these wave forms provides insight into the labor 
process as the uterus expends energy to dilate the cer- * 

C.D. 
AMPLI. 

BASE 

TD 
TIME 

vix. 
The exact equations used for the pressure (P) and 

FIG. 3. Half-sinusoidal wave forms are used to simulate the clini- 

dilatation (D) are 
cal wave forms. The parameters shown can be altered for the analy- 
sis. 
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Now, if one of the two sources of pressure (say P,) is 
constant over the entire change in volume, it can be 
removed from within the integral as in Eq. 7. The 
incremental volume will then be integrated to yield the 
total volume change and Eq. 7 will yield Eq. 8. 

W = P, jdv + jPZ dv (7) 

W = P, Vtotal + j-P, dv (8) 

Equation 6 can be used in separating the effects of the 
tonus pressure from the pressure due to an individual 
contraction. In this case, P, is the tonus pressure and P, 
is the sinusoidal term of Eq. 4. 

METHODS 

The physical model given above for the presenting 
part and its relationship to the cervix was assumed. The 
model has been postulated previously in the literature 
for other kinematic studies (1). It simply assumes that 
the part of the fetal skull which contacts the cervix in a 
normal vertex position is spheroidal and the cervix re- 
tracts around this hemisphere as it dilates (Fig. 2). 

A computer program was written to evaluate the 
work of labor for mathematically defined intrauterine 
pressure (IUP) and cervical dilatation (CD) wave forms 
which approximate those seen during labor. In Fig. 3 
are shown the wave forms and their relationship with 
each other. The shape of each is that of a half-sinusoid 
and is the only characteristic which is not altered in the 
following analysis. The parameters that specify the 
characteristics of the wave form can all be altered, 
singly or in combination. (The time delay, TD, between 
the wave forms is found clinically and is typically be- 
tween 5 and 10 s.) 

Figure 3 does not account for any permanent increase 
in dilatation with a contraction. However, that feature 
was also included as a changeable parameter (cu>. The 
value of cy was taken as the slope of a dilating effect 
represented in Fig. 4 and is expressed in centimeters per 
second. 

A multiplicative factor, m, augmenting the value of a 
was used depending on the amplitude of the presence 
wave form as follows 

m=O 
m=l 
m=2 
m=3 

OsP<25mmHg 
25 5 P < 50 mmHg 
50 5 P < 75 mmHg 
75 5 P,, 

The values of m are based on the fact that Lindgren and 
Smyth (7) and again Lindgren (6) reported finding no 
dilatation when the pressure peak did not exceed 25 
mmHg, and on the intuitive reasoning that the rate of 
dilatation will increase as the pressure increases. 

Standard wave forms of pressure and dilatation were 
established which closely represent those wave forms 
generated by labor monitors, and the effects of changing 
the wave-form parameters were observed by comparing 
the work of the altered wave forms with that of the 
standard wave forms. The standard parameters were as 
follows 

DILATATION 

C.D. 

---- 

FIG. 4. In addition to the parameters shown in Fig. 3, a parame- 
ter (CU) allowing for permanent dilatation is also included in the 
simulation. 

IUP duration = 60 s 
IUP tonus = 10 mmHg 
IUP amplitude = 50 mmHg 
CD base line = 3cm 
CD amplitude = lcm 
time delay - - OS 
CD duration = 60 s 
dilatation slope (cu) = 0 cm/s 

RESULTS AND DISCUSSION 

The parameters of the wave forms were changed sin- 
gly in the order they are listed with all other parameters 
being kept the same as with the standard wave forms. 
Figure 5 shows the effects of reducing the duration of 
the contraction (and dilatation) to 40 s. (The standard 
work wave form will be shown by the solid curve in the 
following figures and the wave form resulting from the 
altered parameter(s) is shown by the curve with open 
squares). One sees that the work begins and ends at 
zero’ for both patterns and reaches the same maximum 
value (0.7 x lo-” R-lb) midway during the contraction. 
Therefore, a faster contraction expends the same 
amount of work as does a slower contraction of the same 
magnitude. However, the power (work per unit time) of 
the shorter contraction has increased. 

The effects of increasing the tonus from 10 mmHg to 
20 mmHg were tested. As might be expected, an in- 
crease in the pressure increases the overall work ex- 
pended. However, by applying the calculus of Eq. 62?, 
the effects of the tonus can be separated from the effects 
of the contraction. Since the net volume change of the 
uterus is equal to zero when the dilatation returns to its 
starting value as it does with the standard dilatation 
waveform (a! = 0), the net work expended on dilating 
the cervix due to the tonus pressure is zero. However, 
the maximum amount of work expended at the peak of 
the contraction increases with an increased tonus pres- 
sure. The internal volume change of the uterus which 
occurs during the first half of the contraction can be 
calculated using Eq. 2 and 3. In the case of the standard 
dilatation wave forms where the dilatation increases 1 
cm from a base of 3 cm, the volume change is 1.87 cm? 
The maximum work of the standard wave forms is 0.7 x 

l Since a log scale for work was needed, all values less than lop4 ft- 
lb were plotted as 10e4 ft-lb. 
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FIG. 5. The peak amount of work for a shorter contraction than 
the standard l-min contraction (solid line) remains unchanged al- 
though the power (work per unit time) increases. 

lo-’ ft-lb, but the maximum work using a ZO-mmHg 
tonus is 0.88 x lo-’ ft-lb. The first term of Eq. 8, PtonLISV, 
evaluates the work of the tonus and is 0.18 x 10e2 ft-lb 
for a lo-mmHg tonus and 0.36 x lo-’ ft-lb for a ZO- 
mmHg tonus. Subtracting these terms from their re- 
spective work maxima yields the same value, 0.52 x 

lo-’ R-lb. That is, the work of the contraction alone is 
the same in both cases, while the work expended from 
the tonus pressure at the peak of the contraction doubles 
when the tonus doubles,-but its net effect performs no - 
work in dilating the cervix. 

Increasing the IUP amplitude to 75 mmHg changes 
the amount of work going into the system to Oy96 x lfi-:! 
R-lb. However, since the larger contraction is not uni- 
formly greater over the standard contraction (they both 
start at zero), the increase in work is not as great as 
would be seen with a 25mmHg increase in ton&. 

Increasing the base dilatation has the same effect as 
increasing the tonus. Figure 6 shows the increase in 
work needed to have a l-cm change in dilatation above a 
base of 8 cm as compared to the same change around 3 - 
cm. Referring to the hemisphere of Fig. 2, one can see 
that the volume of a l-cm slice near the nose of the 
hemisphere (R:, = 1.5 cm) is smaller than the volume of 
a l-cm slice near the base of the hemisphere (RX = 4 cm). 
Therefore, since the integral for work is over the vol- 
ume, the increase in work needed is logical. However, 
note that the work needed has increased to 0.175 R-lb, a 
25fold increase. The uterus is incapable of such an 
increase and thus as labor progresses, the amount of 
change of dilatation for the same size contraction de- 
creases. This is compatible with the constraint of nearly 
constant work output with each contraction (homeosta- 

319 

sis) and is reflected as reduced dilatation deflections in 
Fig. lB. 

Keeping the base dilatation the same but increasing 
the change in dilatation to 2 cm also increases the work 
expended. In this case, the work needed is 0.24 x 10-l ft- 
lb, a sevenfold increase. This supports a clinical obser- 
vation that the change in dilatation with a contraction 
will increase as the cervix effaces even though the base 
dilatation remains essentially the same. In general, 
since the same amount of work is produced for contrac- 
tions of the same size, more work is required to deform a 
thick cervix, and the change in dilatation is not as 
great. 

In all the cases cited above, the net amount of work 
expended by the uterus to dilate the cervix has been 
zero. In other words, the same amount of work has been 
put back into the system by the cervix from its elastic 
forces to restore the uterine volume as was needed to 
decrease the volume. In the following cases, work will 
be lost to the viscous attributes of the cervix. 

The first example to be considered is when a time 
delay exists between the pressure and dilatation wave 
forms. The durations of the dilatation and contraction 
wave forms are the same, but the dilatation begins 10 s 
after the contraction begins. During the first 10 s, the 
dilatation remains unchanged so the work of changing 
the internal volume is zero. The energy of the contrac- 
tion during this period is dissipated as heat in the 
myometrium. Finally the cervix begins to dilate, but 
now the dilatation and concentration wave forms are 
not symmetrical around the peak of the contractions, 
and net work is lost. A pressure-volume diagram dem- 
onstrates this work loss (Fig. 7). The pressure increases 
in a different relationship with the volume than it de- 

UTERINE WORK 
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FIG. 6. A l-cm change in dilatation around a base of 8 cm requires 

25 times more work than does the same change around a base of 3 
rm 
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FIG. 7. The hysteresis work loss is depicted by the shaded area 
within the pressure-volume diagram. V,, is the base volume which 
has been expelled from the uterus and corresponds to the base 
dilatation. 

creases. The net amount of work lost to the cervix is due 
to a hysteresis effect of the cervix and is represented by 
the area within the P-V diagram. In this case, the work 
lost is 0.58 x lo-" ft-lb while the maximum work occurs 
at 40 s after the beginning of the contraction and is 0.96 
x lo-’ ft-lb. 

If both the con traction and dilatation 
same time but the dilatation du .ration is lo 

. 
begi 

nger 
.n at the 
than the 

contraction duration (a clinical observation which can 
be seen in Fig. lA), the effect is also a dissipation of 
work. A 70-s dilatation duration and a 60-s contraction 
duration results in a net work loss of 0.3 x lo-” ft-lb 
while the peak work expended is 0.75 x lo-* ft-lb. 

Although in the previous cases net work has been lost 
to the cervix, net dilatation has remained unchanged. 
Allowing for the effect of cy, work also is dissipated. For 
a value of a (Fig. 4) equal to 0.17 x 10m2 cm/s, the 
amount of net dilatation with the contraction is 0.1 cm, 
and the net work dissipated is 0.66 x lo-” R-lb. For a 
tenfold increase in cy yielding a l-cm net change, the 
work dissipated is 0.1 x 10-l R-lb, a E-fold increase in 
work. 

If now, a combination of the dissipative effects is 
considered, an overall increase in the work expended 
results. For a 10-s time delay between contractions and 
dilatation, a dilatati .on duration 1 .o s longer than a 
contraction duration, and a value of a = 0.17 X 10m2 cm/ 
s, the net work dissipated by the standard contraction is 
0.81 x lo-’ ft-lb and is depicted in Fig. 8. This, however, 
is not the same value as if the net work lost to each 
dissipative effect were calculated and summed. The 
summation of the net work of the three individual ef- 
fects is 0.94 x lo-” ft-lb. Thus, effects are not independ- 
ent of each other and are not summative. Table 1 is a 
summary of the wave-form parameter alterations tested 
and the resulting changes in the work characteristics. 

Reviewing these cases as a whole, one sees that the 
concepts of thermodynamics are germane to the parturi- 
tion process. One such con cept states that for every 

action there is a equal and opposite reaction. The action 
is the uterine contraction, and the reaction is the resist- 
ance of the cervix and lower uterine segment preventing 
the movement of the fetus down the birth canal. An- 
other concept defines work as a force acting through a 
displacement. Combining these two facts and realizing 
that the contents of the uterus are incompressible, the 
amount of work required to dilate the cervix can be 
calculated by measuring the change of the uterine vol- 
ume with each contraction. The energy of a contraction 
which does not dilate the cervix is lost as heat generated 
in the myometrium or used to change the structure of 
the myometrium. 

By applying the first law of thermodynamics to the 
system, one can precisely explain where the energy of 
the contractions is dissipated. The first law of thermody- 
namics states that during the cycle of any system the 
change in the energy of the system plus the work done 
by the system equals the heat transferred across the 
boundary of the system. The energy of the system is 
defined as the internal energy (biochemically stored 
energy) plus potential energy, (as in a stretched spring) 
plus kinetic energy (the energy of motion, which equals 
one half of the mass times the velocity squared). The 
cycle of the uterine system begins with the onset of a 
contraction and ends with the beginning of the succes- 
sive contraction. As the contraction begins, the bio- 
chemically stored energy of the myometrium is trans- 
formed to shorten the muscle fibers which in turn causes 
brachystasis with the effect of moving the fetus down 
against the cervix. The cervix begins to dilate, but its 
elastic properties absorb a portion of the energy as 
potential energy much the same as stretching a spring. 
Although during the first half of the contraction the 
cervix may dilate 1 cm or more, as the contraction 

UTERINE WORK 

FIG. 8. Combining the previous dissipative effects results in an 
increased loss in work, but the combined effect is not the same as 
would be if the individual effects were summed. 
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TABLE 1. Summary of wave-form perturbations with resulting changes in work 

IUP IUP IUP CD CD 
Tonus, Am , Base, Amp, 

Time CD Dur, Net Dilat, Time from 

Dur, s mmHg R Delay, s S 
Dilat Slope, (Y cm Peak Work, ft-lb Contr Onset to Net Work, ft-lb 

m m  fz cm cm Work Peak, s 

60. 10. 50. 3.0 - 1.0 0.0 60.0 0.0 
40. 10. 50. 3.0 1.0 0.0 60.0 0.0 
60. 20. 50. 3.0 1.0 0.0 60.0 0.0 
60. 10. 75. 3.0 1.0 0.0 60.0 0.0 
60. 10. 50. 8.0 1.0 0.0 60.0 0.0 
60. 10. 50. 3.0 2.0 0.0 60.0 0.0 
60. 10. 50. 3.0 1.0 10.0 60.0 0.0 
60. 10. 50. 3.0 1.0 0.0 70.0 0.0 
60. 10. 50. 3.0 1.0 10.0 70.0 0.0 
60. 10. 50. 3.0 1.0 0.0 60.0 0.0 
60. 10. 50. 3.0 1.0 0.0 60. 0.1667 x lo-’ 
60. 10. 50. 3.0 1.0 10.0 60.0 0.1667 x lo-’ 
60. 10. 50. 3.0 1.0 10.0 60.0 0.1667 x lo--’ 
60. 10. 50. 3.0 1.0 0.0 70.0 0.1667 x 1O-2 
60. 10. 50. 3.0 1.0 0.0 70.0 0.1667 x 10-l 
60. 10. 50. 3.0 1.0 5.0 65. 0.1667 x 1O--2 

60. 10. 50. 3.0 1.0 10.0 70. 0.1667 x 1O-‘L 

0.0 0.7 x lo-:! 30.0 
0.0 0.7 x 1o-z 20.0 
0.0 0.88 x lo-” 30.0 
0.0 0.96 x lo--:! 30.0 
0.0 0.18 x 10” 30.0 
0.0 0.24 x 10-l 30.0 
0.0 0.96 x lo-:! 40.0 
0.0 0.75 x lo-’ 35.0 
0.0 0.97 x lo-’ 45.0 
0.1 0.76 x lo-” 30.0 
1.0 0.16 x 10-l 36.0 
0.1 0.1 x lo--’ 40.0 
1.0 0.2 x 10-l 46.0 
0.12 0.83 x lo-” 36.0 
1.17 0.19 x 10-l 43.0 
0.11 0.95 x 10 ‘L 38.0 
0.12 0.1 x 10-l 56.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.58 x lo-’ 
0.3 x 1o-‘L 

0.72 x 1O-z 
0.66 x 1o-:3 

0.1 x 10-l 
0.66 x 1o-z 
0.17 x 10-l 
0.38 x lo-’ 
0.16 x lo-’ 
0.54 x lo-’ 
0.94 x lo-’ 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Case 1 is the standard comparison. Values to the left of the double line are independent variables; those to the right are dependent 
variables. IUP = intrauterine pressure; CD = cervical dilatation. 

subsides the elastic properties of the cervix push the 
fetus back into the uterus to restore the internal uterine 
volume. Thus, the work done by the system equals the 
heat transferred to the blood minus the change in the 

the internal volume of the uterus ( WtlJ which is the 
work of permanently dilating the cervix. The energy 
that costs is the loss in the internal biochemically stored 
energy. This loss in the internal biochemically stored 

energy (biochemical and mechanical) of the uterus. energy is transformed into the heat which is transferred 
If the cervix is perfectly elastic, the uterine volume to the blood, (Q), the work needed to expand the elastic 

will be restored at the cycle’s end to the same state as it portion of the cervix ( W,.), the work needed for the 
was at the beginning of the cycle, and the cervix will nonelastic tissue resistance (W,), and the work needed 
have released all its potential energy back into the to change the internal volume of the uterus ( Wtlv). 
system. The work of the first half of the contraction is Thus, efficiency can be found using the expression 
transformed into the tension of the cervix as the cervix 
dilates (i.e., force acting over a distance), but the same 
amount of work is expended in the opposite direction 
during the remaining portion of the cycle. In this case, 
no net work is expended by the contraction to perma- 
nently dilate the cervix. 

N = W,,,I(Q + W, + W, + Wtlv) (10) 

By finding the difference in the temperature between 
the arterial and venous sides of the uterus, the heat 
transferred to the blood can be found? 

As a last observation it can be noted that since a 
mother has a finite energy reserve, she will only be However, with a viscoelastic cervix, net work is ex- 

pended by the system. The work is expended into chang- 
ing two properties of the cervix. The first property is a 
hysteresis effect from the nonelastic tissue resistance 
(Fig. 7). That is, a certain amount of work is needed to 

z The heat transferred equals the increase in blood temperature 

times the average uterine blood flow during a cycle times the specific 
heat of blood times the duration of the contraction. Blechner et al. (2) 
report that the average uterine blood flow for six women was 461 ml/ 
min. Taking a nominal value for the specific heat of blood of 0.83 
kcal/kg.“C-’ and a O.l”C increase in the blood temperature for a l- 
min contraction leads to a nominal heat transfer of 123 ft-lb. From 
Table 1, case I, we see that W,.: is approximately 0.7 x 10e2 ft-lb. This 
value is obtained by calculating the peak work expended to dilate a 
perfectly elastic cervix 1.0 cm from a base line of 3.0 cm. In this case, 
all the work needed to dilate the cervix would be put back into the 
system by the cervix as it restores the uterine contents of its original 
volume after the contraction subsides. Cases 7 and 6 indicated that 
W,, is somewhere between 0.3 x lop2 and 0.6 x lop2 ft-lb. This value 
is obtained by letting a time variation exist between the contraction 
and the dilatation. That is, the contraction pressure may have to 
reach a certain level before the cervix begins to dilate and/or the 
cervix, being viscoelastic, may take longerto return to its starting 
value than it takes for the contraction to completely subside. Case 11 
shows that for a LO-cm change in dilatation with a contraction, Wtl\ 
is about 0.1 x 10-l ft-lb. Substituting these values into the above 
equation indicates that the efficiency is on the order of 0.0001. One 
would su spect that this figure is too low, probably due to some bad 

rearrange the molecules in order to change them to new 
dimensions. The same effect is seen by stretching a 
rubber band rapidly many times in succession. An ap- 
preciable increase in the rubber band’s temperature will 
be noted. The second property of the cervix which ab- 
sorbs work is the nonelastic strain characteristics of the 
cervical tissue. In this case, if a P-V diagram were 
drawn, the volume at the end of the cycle would not be 
the same as the volume at the start of the cycle, and the 
P-V diagram would not close as it does in Fig. 7. The 
parameter cy (Fig. 4) is responsible for this secondary 
property for the absorption of work. 

In the first stage of labor, the purpose of the contrac- 
tions is to dilate the cervix. The efficiency of the contrac- 
tions can be defined using the concepts of thermody- 
namics. Efficiency is defined as 

N = efficiency = work sought/energy that costs (9) approximations to the individual components of&. 10. On the other 

The work sought is the net work expended in changing 
hand, the efficiency cannot be very high in those labors which last 24 
h. 
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capable of supporting a finite number of adequate con- 
tractions before a normal vaginal delivery will be im- 
possible. Once her energy reserve nears exhaustion, she 
will become fatigued and the work expended by her - 
contractions will fall as shown in Fig. 9. This, of course, 
is seen with labors of long duration in which cesarean 
sections are required. The ability to calculate work of 
each contraction and the cumulative sum of this work 
will provide the obstetrician with a feeling of how much - 
longer labor can last. 

A theoretical analysis of the pressure and dilatation 
wave forms provides insight into the physiology of par- 
turition. By modeling the system and wave forms, the 
computer can be applied to testing the various patterns 
observed with the actual parturition wave forms, and 
their effects can be analyzed singly or in combination. 

TM (Hr.) 

FIG. 9. With the onset of uterine dysfunction, the work of each 
contraction will decrease as labor augments until a vaginal delivery 
will be unlikely. 
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