


STRUCTURAL AND
MECHANICAL FACTORS
ASSOCIATED WITH
THE BIRTH PROCESS

Bob Caruthers, CST,PhD

Birthis essentially a mechanical process.Labor literally defines the process.The uterus, via the mechanism of contractions, labors to expel the fetus.
The fetus does not exit the uterus in a straight line but must complete a journey through a channel that varies in width and depth along its course.
Since the channel is constructed primarily of ligament and bone, it is relatively inflexible. The fetus, on the other hand, is relatively flexible. During
its journey to the outside world, the walls of the channel force the fetus to make adaptive movements. In order to appreciate the birth process, one
must consider the limitations of the pelvis, size of the fetal head, and the path of the center of the fetus.
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FIGURE 1
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he fetal head and the maternal pelvis

The type and diameters of the maternal pelvis
determine the structure of the birth canal and
the ease or difficulty of the passage of the fetus
(Figure 1). The fetal head is both the largest and
least compressible part of the fetus, and its rela-
tion to the maternal pelvis critically influences
the ease or possibility of normal birth.

Maternal pelvis

The rigid structure of the maternal pelvis is the
most limiting factor in the relationship between
the fetal head and maternal pelvis. A stylized
view of the birth channel is presented in Figure 1.
Figure laillustrates the funnel-like nature of the
female pelvis; Figure 1b illustrates the three-
dimensional form at several different levels.

Pelvic types

There are four basic types of female pelvis based
on shape: gynecoid, android, anthropoid, and
platypelloid (Figure 2). The gynecoid pelvis is
found in approximately 50 percent of all women
and represents the normal female pelvis. Gener-
ally, this pelvic type forces the fetal head to rotate
into an occipitoanterior position. The android
pelvis represents the typical male-type of pelvis
that is characterized by limited space at all
points. The effect of this structural type is to
force the fetal head into an occipitoposterior
position. Commonly, the descent of the fetus is
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arrested with this type of pelvis. The anthropoid
pelvis forces the fetus to engage in the anteropos-
terior diameter, most commonly the occipito-
posterior position. The platypelloid pelvis only
occurs in 3 percent of the female population.
This type pelvis forces the fetal head to engage
in the transverse position.

Pelvic diameters

The pelvis is divided into planes that are imagi-
nary flat surfaces, extending across the pelvis at
different levels. Diameters are measured at these
levels to provide a detailed chart of the space
available at a given point in the birth canal (Fig-
ure 3). Normal pelvic diameters are listed in
Table 1.

Fetal skull

The fetal skull that grows around the developing
brain from mesenchyme, includes two parts, the
neurocranium and the viscerocranium. The
neurocranium forms a protective case around
the brain, and the viscerocranium is the prima-
ry jaw skeleton. During both fetal and infant
stages, dense connective tissue membranes,
called sutures, separate the bones of the skull
(Figure 4a).

Membrane-filled spaces located at the point
where sutures intersect are called fontanelles.
The sutures and fontanelles provide critical
landmarks for evaluating the position of the fetal
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head during birth. The two main fontanelles are
the anterior (bregma) and posterior (lambda)
fontanelles. The diamond-shaped anterior
fontanelle lies at the junction of the frontal,
sagittal, and two lateral-coronal sutures. The tri-
angular-posterior fontanelle exists at the junc-
tion of the sagittal and the two oblique-lamb-
doid sutures. This network of skull bones is
relatively elastic and held together with loose
sutures. Their fontanelle connections allow the
skull to undergo considerable molding during
labor and delivery.

Extending in an anteroposterior direction
between the fontanelles, the sagittal suture lies
between the parietal bones and divides the crani-

um into right and left halves. The lambdoid
suture moves laterally from the posterior

fontanelle and separates the occipital from pari-
etal bones. The coronal suture passes laterally
from the anterior fontanelle and separates the
parietal and frontal bones. The frontal suture lies
between the frontal bones and extends from the
anterior fontanelle to the glabella.
A number of other landmarks exist on the
fetal skull (Figure 4b):
+ Nasion— the root of the nose
* Glabella— an elevated area that lies between
the orbital ridges
+ Sinciput— the area that lies between the
anterior fontanelle and the glabella
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+ Vertex— the area between fontanelles that is
bounded laterally by the parietal eminences
* Occiput— the area behind and inferior to
the posterior fontanelle and the lambdoid
sutures
Using these markers, a number of diameters
can be established for the fetal skull. These diam-
eters are illustrated in Figure 4b. The size of the
fetal head bears clinical significance when com-
pared to the maternal pelvis. Average diameters
at term are presented in Table 2.

Cephalopelvicdisproportion
Cephalopelvic disproportion (CPD) occurs
when the head of the fetus is unable to pass
through the pelvis safely. This may be because
the pelvis is too small, and/or the head is too
large. Potentially severe consequences for CPD
are uterine rupture, vesicovaginal fistula, and
maternal/fetal death and birth injury. Causative
factors are pelvic shape, size of the fetus, and a
space-occupying lesion. The two most common
space-occupying lesions are an ovarian cyst or a
cervical fibroid. In the primigravida patient,
CPD should be suspected if any the following
conditions exist:
+ head remains three-fifths to four-fifths pal-

pable through the abdomen
+ latent phase of labor is prolonged
+ cervical dilation is retarded
+ cervix is poorly applied to the fetal head
+ head molding appears excessive
* anterior rotation appears stopped
+ fetal heart rate abnormalities occur.

The definitive treatment for CPD is cesarean
section.

Fetal position in utero

Beginning at 28 weeks of pregnancy, the
abdomen must be examined carefully to identi-
fy the attitude, lie, presentation, and position of
the fetus. These related factors are used in com-
bination to produce a full picture of the infant’s
position in the uterus and its journey through
the birth canal. Attitude refers to the relationship
of parts of the fetus to one another. The typical
attitude is one of complete flexion. The fetus is
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Table 1.Normal pelvic diameters

Start Average
Pelvic Plane Diameter length (cm)
Inlet true conjugate 1.5
Obstetric conjugate N
Transverse 13.5
Oblique 12.5
Posterior sagittal 4.5
Anteroposterior 12.75
Greatestdiameter Transverse 12,5
Midplane Anteroposterior 12
Bispinous 10.5
Posterior sagittal 4.5
Outlet Anatomicanteroposterior 9.5
Obstetricanteroposterior ~ 11.5
Bituberous "
Posterior sagittal 7.5

convex with the fetal head over the abdomen. Lie
describes the relationship of the long axis of the
fetus to the long axis of the mother. The lie may
be longitudinal, transverse, or oblique. Presenta-
tion refers to the portion of the fetus that
descends first in the birth canal.

These factors affect each other. For instance, if
the lie is longitudinal, both the long axes of the
fetus and mother are oriented in the same direc-
tion. The presenting part must be the head in a
cephalic presentation or buttocks in a breech
presentation. However, if the lie is transverse, the
presenting part could be the shoulder. Position
indicates the relationship of some definite part
of the fetus to the maternal pelvis. For example,



Table 2 Normal diameters of the fetal skull

Diameter Average (cm)
Suboccipitobregmatic 9.5
Occipitofrontal 11
Supraoccipitomental 13.5
Submentobregmatic 9.5
(Transverse)

Biparietal 9.5
Bitemporal 8
Circumference 345

in a vertex presentation, the occiput is the
denominator (structure or reference point used
to calculate position), but in a breech presenta-
tion the sacrum is the denominator.

Normal cephalic presentation and select
malpresentations

Normally, the fetus is flexed in a longitudinal lie
(Figure 5). The presentation is cephalic with the
chin tucked on the chest. The fetal head faces
the mother’s buttocks. The advantage to this
position is that the smallest fetal diameter leads
the way.

Occiput posterior

A relatively common malpresentation of the
cephalic presentation finds the fetal head down
with the chin tucked. Called the occiput-posteri-
or position, the face is oriented toward the moth-
er’sabdomen or with the chin extended. This
orientation forces the larger surface of the fetal
head to lead the descent. This position often
results in prolonged labor and increased perineal
tears. It is associated with severe labor pains
experienced in the back. CPD is a frequent result
of this fetal position (Figure 6a).

The occiput-posterior position also serves to
illustrate the mechanics of labor in another way.
Maternal position can affect the progress of
labor. Positioning the mother on her hands and
knees allows the uterus to move away from the
back. This may relieve back pain, and the more
relaxed uterus may allow the fetus to turn to the
normal position. Occiput posterior-positioned
fetuses can be delivered vaginally provided ade-
quate pelvic space is present. CPD and cesarean
section are common results.

Face presentation

In approximately two of every 1,000 births, the
chin is not tucked. The extended neck forces a
presentation of the top of the head, face, or fore-
head (Figure 6b). Even with adequate pelvic
space, these presentations usually result in
extended labor and increased perineal tearing.
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FIGURE 4
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Diagnosis of this condition is likely to be
delayed until vaginal examination at the time of
labor. About 60 percent are mentoanterior, 25
percent mentoposterior, and 15 percent mento-
transverse. The pelvic presentation is typically
submentobregmatic. Forced internal rotation
places the chin under the symphysis pubis with
delivery requiring the head moved to a flexed
position. (See fetal movements section.) The
chin and mouth typically present first to the
vulva. It must be noted that term vaginal delivery
can not be performed with the mentoposterior
position, because the head is already flexed at its

maximum. Cesarean section should be consid-
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ered in the primigravida, and vacuum extraction
or forceps delivery may be required.

Brow presentation

The brow presentation (one in 1,400 births)
occurs when the fetal head is neither flexed nor
hyperextended. It is in a middle position, pre-
senting the supraoccipitomental diameter. Sev-
enty-five percent will convert to a vertex or face
presentation. This presentation can not be safe-
ly delivered vaginally, unless the fetus is quite
small.

Shoulder presentation

This is a rare presentation (0.3 percent) that usu-
ally converts to either a longitudinal or trans-
verse lie. Vaginal delivery is not possible, unless
the fetus is very small. Cesarean section is the
intervention of choice.

Breech presentation
Most fetuses turn to a cephalic presentation
approximately three weeks prior to the onset of
labor. A few do not make this transition. Breech
or rear-end down presentations occur in approx-
imately 3 percent of pregnancies.

Identifiable risk factors associated with
breech presentations are:
+ multiple pregnancy
+ premature birth (before 37 weeks)
+ fetus less than 5.5 pounds
+ multiparity
+ irregular uterine shape (leiomyomas)
* placenta previa
+ abnormal amount of amniotic fluid.

Types of breech presentation

There are three types of breech presentation: (1)
frank, (2) complete, and (3) footling (Figure 7).
In the frank presentation, the buttocks present
breech, legs are held in extension, and the torso is
flexed, bringing feet to the face. The legs are fold-
ed at the knees, and the feet crossed in a complete
breech presentation. In the footling presenta-
tion, one or both legs point down and become
the leading part.



Management of the breech position

These positions present two inherent mechani-
cal problems: (1) delivery of the legs without
damage to the hips and (2) the greatest fetal
diameter, the head, remains in a potentially dan-
gerous position while the body is free. The risk of
aspiration is greatly multiplied.

At times, the fetus can be repositioned by
external version. Usually, this external manipula-
tion is successful, but many of the fetuses return
to their original position. Options decrease as
the delivery date approaches.

The standard criteria for attempted vaginal
delivery of breech presentations are:

+ must be a frank or complete presentation

+ minimum 36-week gestational age

+ fetal weight 2,500-3,800 grams

+ flexed fetal head

+ adequate maternal pelvis

+ no other reason for cesarean section exists

+ anesthesiologist in attendance

+ assistant scrubbed and prepared to help
guide the head

+ experienced obstetrician.

Fetal movements

The fetus cannot proceed in a straight line
through the maternal pelvis. Six movements
enable the fetus to adapt to the shape of the
maternal pelvis and exit to the outside world.
Descent is progressive throughout the labor and
delivery process. Uterine contractions, maternal
bearing-down efforts and, under certain condi-
tions, gravity affect the rate of the descent. Resis-
tance from the cervix, walls of the pelvis, and
pelvic floor cause flexion that, in turn, strength-
ens the natural flexion found in the fetus in
utero. When the fetus is in the occipitoanterior
position, flexion changes the presenting part
from the occipital frontal to the smaller suboc-
cipitobregmatic.

As descent continues, the fetal head remains
in an occipitoanterior position. However, at the
vaginal outlet, it moves upward and forward,
consequently requiring the head to be extended.
As descent continues, the perineum begins to
bulge. Crowning indicates the point at which the

largest diameter of the fetal head is encircled by
the vulvar ring. The episiotomy, if selected,
occurs now. At the time of crowning, the bony
pelvis and muscular sling encourage greater flex-
ion. Typically, the forehead, sinciput, and
occiput are born as the fetal chin approaches its
chest. The occiput then falls back as the head
extends and the nose, mouth, and chin are born.

Once the head is delivered, the shoulders fol-
low. The anterior shoulder is assisted by placing
gentle pressure toward the floor on the head.
This is followed by pressure toward the ceiling
to assist the posterior shoulder. Once the shoul-
ders are delivered, the remainder of the body fol-
lows quickly. After the cord is cut and the infant
is passed to the mother or pediatrician, the pla-
centa is delivered. Next, repairs of lacerations or
the episiotomy incision begins.

Fetal monitoring during labor

Labor is a stressful time for both mother and
fetus. Fetal response to labor depends on a num-
ber of factors: fetal reserve, umbilical blood flow,
adequacy of placental function, intravillous
blood flow, uterine blood flow, maternal health
and environment, cardiopulmonary function of
the mother, as well as the maternal and fetal
responses to drugs.

Fetal heart rate provides significant clues
about the baby’s welfare; therefore, intrapartum
monitoring of the fetal heart rate is very impor-
tant. There are number of ways to monitor the
fetal rate, including auscultation. Today, the
most common technique is to use an electronic
monitoring device. A baseline heart rate should
be established and compared to established nor-
mal criteria:

+ marked tachycardia greater than 180
beats/min

+ moderate tachycardia 161-180 beats/min

+ normal 120-160 beats/min

+ moderate bradycardial00-119 beats/min

+ marked bradycardia less than 100 beats/min.

Variability is the most important feature in
assessing the meaning of the fetal heart rate.
Short-term changes are controlled by the
parasympathetic nervous system. Long-term

ocroser2000 The Surgical Technologist

25



FIGURE5  changes are controlled by the sympathetic sys-
tem. Comparisons are made between changes in

Normalfetal  fetal heart rate in relation to uterine contrac-
tions. Some generalizations can be made about

position  variability. Accelerations are always a good sign.
Early decelerations have low clinical significance.

Mild to moderate decelerations need continued

evaluation but are usually not significant. Pro-

longed, repetitive, or deep decelerations raise the

level of suspicion. Late decelerations occur at the

contraction, decelerate slowly and return to

baseline slowly. These result from vagal stimula-
tion secondary to hypoxia and/or from myocar-
dial depression caused by acidosis. They are clear Flexion of head
signs of uteroplacental insufficiency.
When fetal monitoring results in increased
FIGURE6 clinical concern, intervention strategies include
the following:
Cephalic  + decrease uterine activity by stopping oxy-
tocin infusion,
malpresentations  « correct maternal hypertension, change
maternal position, and administer high-flow
@ Brow presentation oxygen,
O Faepresentation  * rule out prolapse of the umbilical cord,
@ Military attitude and/or
+ stimulate the fetus.

Summary
The birth process is a biomechanical event
involving:
* uterine contractions
+ maternal pelvic type
+ maternal pelvic space (diameters)
+ fetal head size
* intrauterine position of the fetus
+ adaptive movements during descent.
The birth process requires adequate moni-
toring and the ability to intervene as necessary.
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