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(1)
ABSTRACT

Bowen-Jones, A.: A behavioural study of infant feeding"

The main part of thts ehesls sets out to study the:seauentnai organnsatnon
of sucknng durnng normal breast feednng " Data on breast feeding are scarce
when compared with the Iarge body of work on sucking during bottle feednng

One of the initial outcomes is that on the flrst breast as compared
with the second, sucking is slower oyerall.' The widely-quoted dichotomy
between‘nutritive and non—nutrifive modea.of sucking_is‘not upheld, . Rather,
the erganisation of sucking exhibits complete gradation between tnese two
rhythms, and pausing is a]ways a featurebef sacking on_the breaSt;

Sucking patterns were also seen to change‘progressiveiy'through.the feed,
and attempts are made to account for thesevchanges usinQ several different
approaches.

Sucking patterns, in aartfcular suck?ng rafe, during breast feeding
appear to be determined largely by the rate of:milk flow rather than by
the'baby's hunger, fatigue er.behavioural state, although the concurrent
changes in milk composition cannof be ruled out since changea fn milk flow and
composition on the breast cannot be dissociated. - However, the probability of
the baby sucking at any one time.is less‘strongly correlatedbwith mitk flow

rate. An attempt is made to place the findings in their evolutionary and social

context.
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CHAPTER 1

THE MAMMARY GLANDS AND LACTATION

1.1. Introduction

Lactation is unique to, and defines, the mammalian class. It is the
means of providing food and water for the young until they are able to
fend for themselves. Mammary glands have evolved, probably from apocrine
sweat glands (Salazar, Tobon and Josimovich, 1975), to secrete milk and make
it available to the young.

The milk is secreted continuously through the day. It then has to
be stored so as not to leak out but in a way that allows it to be mobilised
from the secretory lobules when appropriate. In gross anatomy, wide variation
is Seenrin almost every feature of the mammary gland in meeting theée
requirements for different mammalian species. The glands vary in their
numbef, their situation, their size and in the channels through which the
milk is made available to the young.‘ A few examples Qill illustrate the
diversity seen, and then the human mammary gland will be described in
detail.

In echidna, a member of the most '"primitive' sub-class of mammals,
the Prototheria, the young hatches out of its egg in a pouch in the
abdominal wall of the mother (Cowie and Tindal, 1971). There are two mammary
glands in the pouch, one on either side of the abdomen. They have no actual
teats but the milk~secreting lobules of each gland open to the exterior at
the two areoiae, where the milk is actively sucked by the offspring from
nipple-like protruberances (Griffiths, 1968).

In the marsupials (sub-class Metatheria), the mammary glands, of which
there may be two to twenty-five, have nipples and are usually located in
the pouch (Cowie and Tinda], 1971). In the Kangaroo, the minute new-born

young crawls to its mother's pouch where it becomes permane};ky$attached
wort Uniye s,
o“( SCIENGE 5 4.\
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to one of the four nipples. Often, two Qenerations of young are suckled
simultaneously, the "young on foot" returning to suck its original teat
which may by now be up to 7.5cm long and danglfng out of the pouch. This
mammary gland Qil] be at quite a different stage of development from that
nourishing the other, very young, offspring, and the composition of the milk
produced by the two glands is also quite different.

The third and largest sub-class  is that of the Eutheria, or placental
mammals. They are adapted to a wide range of habitats and the mammary
glands show corresponding diversity. For example, the two glands of the
whale are long, narrow and flat, lying either side of the ventral mid=line
with their nipples recessed on either side of the genital slft-(S]ijper,

1962). This streamlined arrangement is sufted to an aquatic environment.

Primates have one or more pairs of mammary glands on the ventral surface

and usual]y not 6nly the resting gland but also the lactating gland looks
flat.
Just as there is a wide range in the structure of mamma ry glands; SO

there is a wide range of feeding patterns; from the continuous feeding,

‘or, at least, continuous presence on the teat, of Metatherian young, to

hourly feeding in the pig, right through to the one day a week of feeding -
received by the northern fur seal pup (Harrison, 1969). The composition
of the milk varies with feeding patterns; infrequent feeders receive high-
qalorie, fat and protein rich milk, whereas frequent Feeders receive low
fat, low protein milk (Blurton Jones, 1972), |

1.2: The human mammary gland and milk synthesis

The female breast is a roughly hemispherical organ, variable in shape
and size, extending from the second rib down to the sixth costal cartilage
and surmounted by a nipple. The nipple is surrounded by the tubercled

areolar area, which can be regarded as an extension of the nipple; it has a
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very similar epidermal structure and is functionally a ”continuafion of
the organ of sucking' (Cooper, 1840).

The anatomy of the breast has been described beautifully and in detail
by this author. Internally, the breast consists of glandular and fatty
tissue, the proportions of which vary from individﬁal to individual and
with the stage of fhe reproductive cycle. Embedded in the fat is the
glandular tissue which is divided by fibrous tissue septa info 15 = 20 inter~
rami fying but unconnected lobes which each consist of several lobules.

Each l1obule is well-supplied with blood and lymph vessels and with nerves,
and is subdivided into thousands of alveoli, which secrete the milk., Small
ducts lead from the alveoli and merge into the main lactiferous ducts which
widen into distensible lactiferous sinuses underneath the areola. These
sinuses open to the exterior via 6 = 15 milk ducts iﬁ the nipple (see
Figure 1.1).

In the ''resting' breast the proportion of secretory tissue is low, .
One of the first signs of pregnancy is a feeling of fullness or tightness
in the breasts and an increase in their size, due primarily to the
proliferation of ducts, lobules and then alveoli (Cowié and Tindal, 1971).,
By mid=pregnancy this growth slows down and differentiation of alveolar
tissue in preparation for milk secretion takes place, Mammary blood flow
is almost doubled and from mid*term onwards,‘colostrum begins to be
sécreted in small quantities and can be expelled from the nipples (Vorherr,
1974) .

After parturition, thé initiation of lactation, evidenced by the flow
of colostrum, is triggered by a dramatic fall in thé level of inhibitory
circulating steroids (McNeilly, 1977). Lactation occurs even if delivery
is premature, in fact it hag been recorded after only four months of pregnancy

V(Newton, 1961). Milk secretion begins whether or not the breasts are
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sucked, however, i1ts continuation beyond a few days with the production of
normal amounts of milk depends upon adequate sucking stimulation

Prolactin 1s the key hormone i1n the production of milk, although other
hormones, for example growth hormone and insulin, may be involved (McNeilly,
1965) Prolactin 1s produced by the anterior pituitary (adenohypophysis),
and, in the absence of progesterone, acts directly upon the alvsolar cell
membrane to i1nittiate and stimulate the synthesis and release of milk
proteins, lactose and lipids Prolactin levels in the blood of women
increase steadily through pregnancy unti:l the last month and begtn to fall
a few days after delivery The decline 1s more rapid in mothers who do not
breast feed (Bonnar et al, 1975) The mammary epithelium 1s prevented
from responding to the high prolactin levels during pregnancy by the
inhibitory effects of fetoplacental oestrogen (Bruce and Ramirez, 1970,
Brun del Re et al, 1973) and, more espectally, progesterone, blood levels
of which also increase towards term (Bonnar et al, 1975) As already
mentioned, levels of these steroids decline precipitously following
parturition, initiating milk production

Prolactin 1s released 1n response to mechanical stimulation of the
nipple and areola (Hwang, Guyda and Friesen, 1971, Bonnar et al, 1975),
which leads to refilling of the breasts The amount of prolactin released
1s directly proportional to the intensity and duration of the stimulation
(Tyson, 1977), and the quantity of milk secreted shows a similar, but delayed,
response to the amount of sucking stimulation (Egli, Egli and Newton, 1961)
An 11lustration of the relationship between sucking and prolactin response
comes from the successful breast feeding of twins, the prolactin released
when both infants are fed simultaneously 1s double that when one 1s fed

(Tyson, 1977)

Anaesthesia of the nipple prevents the release of prolactin (Tyson,



6
1977), showing the stimulus to be a neural one. It is interesting, there=
fore, to note that there is a dramatic increase in nipple sensitivity at
parturition (Robinson and Short, 1977); this might enhance the prola;tin
response to sucking. Pro]aétin is not released when, for example, the mother
plays with the baby before feeding, so its release is unlikely to be
conditionable (Noel, Suh and Frantz, 1974).

Sucking or similar stimulation of the nipple is necessary for full
lactatioh, the initiation of which is genera][y felt as the sudden
"'ecoming in'"' of the milk at 2 ~ 5 days postpartum (Vorherr, 1974). The
sooner after birth the baby is put to the breast, and the more often feeding
takes place, the more quickly the milk "comes in'' and the less time it takes
for him to regain his birth-weight (Archavski, 1952). The effectiveness |
of the prélactin reflex is illustrated by the fact that lactatfon‘can be
initiated by repeated mechanical stimulation of the nipple alone in, for
eXample, middle~aged grandmothers (Slome, 1956) and posf-menopausal women
(Newton, 1961), |

Given adequate mechanical stimQIétion of the nfpp]e and the reguiar'
vremoval of milk, lactation can continue almost indefinitely, provided
maternal nutrition is satisFactory. Newton (1961)fcites women lactatfng
cdntinuously for four or more years, and wet-nurses often nursed one baby
after another for many years. It is easier to continﬁe lacfation if
feeding is on demand (McNei]ly, 1977).

Lactation is dependent upon adequate removal of milk, but the breasts
can accommodate increased quantities of milk for up to 48 hours before milk
productfon declines (Vorherr, 197L4), although this degree of engorgement is
very painful for the mother. Involution of thé secretory tissues‘fol]ows,
primarily in response to local mechanical factors arising from the pkessure

'of milk, rather than to hormonal changes, and lactation is thereby suppressed



(Newton, 1961; Mayer and Klein, 1961).

1.3: The milk ejection réflex

In every mammal which has been studied, milk is ejected as a response
to suckling. The only satisfactory explanation for this phenomenon is that
the sucking stimuli cause nervous excitation of the'neurosecretory fibres
of the neurohypophysis, and release of oxytocin from their vesicies., The
oxytocin then circulates in the blood and causes the myoepithelial cells
of the mammary gland to contract, ejecting the milk and making it available
to the baby. This process is known as the draught,.let-down, or milk
ejection, and despite the diversity of mammary gland structure and of
feeding patterns seen within the class, it seems to be found in all mamma}s.
In those such as the goat and the sheep, it is not essential for milk
removal, partly because thése animals have large cisterns and sinuses -in
their mammary glands containing milk which is immediately accessible (by
"passive! withdrawal). But the adequate functioning of the milk ejection
reflex is essential for suckling in woman (Newton and Newton, 1967), as
in the pig and the rat.

The knowlédge that the milk of a lactating animal is not always readily
available but that it generalTy becomes available precipitately upon suckling
or milking or in the presence of another suitable stimulus goes back into
antiquity (Amoroso and Jewell, 1963).' Early farmers made very good use
of stimulj such as the presence of the calf in order to obtain milk for
themselves. Practical knowledge of the effects of the let-down in women is
also very old (Folley, 1969). Astley Cooper (1840) talks abouf the
"draught' furnishing an abundant stream of milk by a '"'vis a tergo', i.e. a
propulsive force operating from behind, once the small amount in the milk
sinuses was drained, and of this milk "spirting in the infant's eyes" if

he did not catch the nipple immediately.



The first stage of the milk ejection reflex consists of afferent
neural ihputs from the mammary gland which‘trigger the release of the
polypeptide hormone oxytocin from the posterior pituitary, The nipple,
or teat, is very sensitive to tactile stiﬁuli and its sensitivity increases
during pregnancy (Robinson and Short, 1977). It is richly supplied with
‘nerve endings, especially at its base (where maximal stimulation can be
expected from the infant's gums during sucking); in fact it is one of the
most highly innervated tissoes'of:the body (Lancet, 1949; Cowiejand
Tindal, 197]). Receptors in the nipple end areola fransform etimu]i into
nerve impulses which trigger the release of oxytocun. The stimuli whicﬁ raveo
thlS\effect are touch, pressure, and extremes of temperature, of which the
most effective single factor seems to be touch (Sala et al, 1974), touch and
preseore together having maximal effect., {n addition, thoughts of'the:baby
or of feeding, conditioned responses to evehts associated with feeding, and
.cervfca] dilafion, may cause milk ejection (Isbister, 1954; Sica-Blahco,
.unpub]iehed deta quoted by Caideyro~Barcia, 1969) .

The oxytoc:n then C|rculateq in the blood and when it reaches the myo-
oplthellal cells of the alveoli and ducts it stlmulates them to contract,
the milk is forced out of the alveoli and into the sinuses, and'may even
jet out of the nipple. The secretory alveoli are surrounded by a ﬁetwork
of stellate myoepithelial cells, and spindle shaped myoepsthellal cells
1|e along the finer ducts, becom|ng denser as the ducts increase in size
(Pitelka and Hamamoto, 1977). Their existence was known to- 19th century German
histologists (Linzell, 1952) and their contractlle functxon correctly postulated,
However, this work was generally forgotten SO that when Ely and Petersen put
forward their theory of the neuroendocrine milk ejection reflex in ]941?
the expufsive force wes thought to be provided by smooth muscle, The FUll
extent of the myoepithelial network was demonstrated by Richardson (19@9,

1951). Soon after, Lihze]] (1952) stained cells from distended mammary
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glands of several species and these from glands previously emptied by the
.Injection of oxytocin, thereby showing the way in which they contract.

The myofibrils within the myoepithelial cells cbntract in response
to oxytécin from the capillary bed, with which they are in close association.
In doing so, the long tapering branched cells become short and fat, increasing
the pressure within the elastic alveoli, and the fine ducts become wider
and shbrter to allow for rapid passage of milk. Thus the bulk of the stored
milk is squeezed into the targer ducts and sinuses and made accessible to
the baby. Myoepithelial cells also contract in fhebsame way as a direct
response to local'ﬁechanical stimulation (the 'tap reflex'': Cross, 195k4).

1.4: Inhibition of milk ejecfion by stress

Astley Cooper, the surgeon and anatomist, was also no mean'psychologist.

"Lactation is one of those functions which are subject to great changes

from mental impressions... and proceeds best in a tranquil state of mind"

(Astley Cooper, op cit, 1840). He then lists "a fretful temper, fits of anger,
grief, anxiety of mind, fear aﬁd terror' és factors which w711 decfease or
halt the flow of milk. Newton and Newton (1948) showed that stresses éuch

as fear, discomfort or embarassment reduce the amount of milk aQailab]e to

the baby at that feed.

With the elucidation of the hormonal basis of lactation, these ob-
servations have been explained in terms of the susceptibility of the milk
ejection reflex to disruption by a'wide range of stressful factors, such
that when it is blocked, the milk, although it may be plentiful in the gland,
is not avaijlable to the young.

Stress could inhibit the milk ejection reflex in a number of different
ways, as follows:

A. Central; neural inhibition of oxytocin release

B. Peripheral; reduction of the response of the gland to circulating
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oxytocin, by:
(i) constriction of blood vessels by adrenalin
(ii) sympathetically mediated increased resistaﬁce of mammary
ducts and/or sbhincters to milk flow
(iii) direct inhibition by adrenalin of the action of oxytocin on
myoepithelial cells,
As regards the relative importance of the central and peripheral
mechanisms, it seems that the central is the more important (Bisset,
1974). Cross (1955), working with rabbits, concluded that the main factor
iﬁ the blocking of milk ejection is the inhibition of oxytocin re]ease
from the neurohypophysis. He concluded that the evidence available ét
that time went against the existence of B (iii) (above). However, evidence
for the direct inhibition of the action of oxytocin has since accumulated.
Vorherr (1971) has shown that & -receptors are present in the mammary blood
vessels andg@-receptors in the myoepithelial cells: upon contact with
adrena]in; o -receptors cause constriction of the blood vessels (B (i)),
and /g-receptors, relaxation of the myoepithelium (B (iii)). It seems
that in the latter case there is direct competition between oxytocin and
adrenalin for the receptor sites on the myoepithelial cells; the strength
of the milk ejéctiondepends upon their relative proportions., The resistance
of mammary ducts may also play a minor role - Grosvenor et al (1972)

have shown that in rats some diffuse motor control of ductal and vascular

-tone is exerted by the sympathetic nervous system, and that this is

sensitive to both central and peripheral factors. It is worth remembering
that conditioned inhibition of oxytocin release has never been directly
demonstrated in humans,

It has been said (for example, Newton, 1972) that the inhibition of milk'

ejection by stress makes good survival sense since it would be unwise to
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nurse the young, and therefore to be immobilised and vulneraﬁle, in tense
or dangerous situations. However, not milk ejecting‘is one thing; not
nursing is another. There is no evidence that nursiﬁg is inhibited in
stressful situations.

1.5: Structure of the breast as related to function

‘Nurs ing ié facilitated by a happy concinnity of adaptations in the
breast and in the baby; for inétance; the bumpy surface of the areoié and
nipple is complemented by sucking pads on the baby's lips.

The nipple is extremely important. Without it, the infant could not
obtain the milk secreted by the g]and.- Another vital role is in helping
tb retain milk betweén feeds. The milk ducts decrease in diameter towards
the tip of the ﬁipple (Cooper, 1840); but this alone:would not suffice to
retain the milk. It was once thought likely that é métﬁanism.existed in‘
the nipple to act as a sphincter (Harris and Pickies; 1953). SUbsequent]y
ff was found that the smooth muscle surrounding thé larger milk ducts can
reduce their calibre and therefore impede the passage of milk (Vorherr,
1974; Cross, 1977). Sympathetic nervous activity can also have this effect.,
‘These factors are, howéver, overcome when the pressure of milk from within
the gland is great enough to cause it to stream from the orifices of the
nipple (Bisset, 1974).

The protractility and compressibility of the flexible tissues QF the
nipple and areola are apparently more important than nipple shape for
successful breast feeding (Gunther, 1955); thevbaby grasps the areola
with its lips and gums and draws out the nipple between the palate. and
the gums to resemble 'a cher}y on the end of a wide soft stélk” (Lancet,
1949). The teat thus formed fills the length of the moUth_and stimu]ates
the baby to suck (Gunther, 1955, 1958). Protractility of the nipple.

increases as a result of the physiological changes of pregnancy (Hytten
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and Baird, 1958). The nipple increases in diameter (Hytten and Baird,
1958) and in length (from 4! - 2! up to 1), and its usual cone-~shape
becomes reversed, i.e. it is now broadest at its exfremity (Cooper, .1840).
As this author pointed out, this shape renders the adhesion of fhé child's
mouth "much more firm and complete.'

'The nipple elongates during sucking. Tﬁis is due both to the passive
stretching effect of the pfessure in the child's mouth and to the contraction
of the complex network of\smooth muscle fibres around the base of the
nipple and beneath the areola, in response to touching the nipple or
areolar area,which makes the flaccid nipple stand out firmly, (Lancet,1949;
Cowie and Tindal, 1971). This enhances its effectiveness in stimylating
the baby's rooting reflex. Reflex erection of the nipple occurs in most
mammals, in response to the infant's lips on the nipple, the pulling of the
nipple into the mouth, and the mechanical stimulation it recelives during
sucking. Ardran, Kemp and Lind (1958b), in a cineradiographic study of
breast feeding, mention that the teat formed from the areola and nipple is
ﬁy]indrica]; as wide or wider than the resting nipple and about three
times as lbng, when the jaw is lowered. As well as improving the hold the
baby has on the nipple, the e1ongatéd teat helps him expel the milk .
efficiently since the milk sinuses in the nipple and areola are also elong-
ated and expanded in the process of nipple erection,. Under the areola are
the larger milk ducts and reservoirs, and at the beginning of the feed

their small contents may possibly encourage the child to continue éucking
until the bulk of the miTk becomes available through the milk ejection
reflex. |
One of the most interesting features of the female human breast is
its relatively large size and rounded form. Contributing to this is .the
arched form of the ribs. In most primates the lactating breast is a]ﬁost

flat, whereas in woman even the non-lactating breast is round. This is due
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primarily to adipose rather than to glandular tissue; though the increase
in breast size during pregnancy and lactation is due to a proliferation of
glandular tissue and to increased vascularity.

The nipples are projected forwards and outwards, with a slight turn
upwards. Their outward orientation and their displacement from the chest
wall enables the child to rest upon the mother's lép and arm in the most
cohvenient (sideways) position for suckling. (Providing he is in a suitable
position, the rooting reflex (Peiper, 1961) will aid him in finding the
nipple). In this position, with the infant held close to, but not right
up to,the mother, mother and child can look into each others faces, as
Abercrombie (1971) points out. Eye-to-eye contact can then easily occur;
in fact it is virtually unavoidable. Eye contact is one of the most impor-
tant elements in the development of affection and bonding between mother
and child (Klaus, Kennel, Plumb and Zuehlke, 1970). Therefore, during
feeding, interaction and communication between the two are facilitated.
Indeed thi%’was first pointed out by Cooper in 1840, who observed that the
baby, while sucking under the mother's eye, thereby ''almost irresistibly
solicits her tender and regular attention."

This fs one explanation of the different shape of the breast in human
beings énd other primates. Another is that rounded breasts evolved to
mimic the strong sexual signal of the buttocks when in an upright stance
(Morris, 1969). It is difficult to make progress on this issue without
knowing the form of the ancestral breast; for another possibility is that
the round form is primitive, with the flat form an adaptation to carfying
prehensile young slung below the body in quadrupedal walking. The young

could hardly hang below a nipple already hanging close to the ground.
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CHAPTER 2

INFANT SUCKING

2.1 The mechanics of sucking

Sucking is not 5 purely reflex action. [t may occur spontaneously
while awake or asleep (Wolff, 1967) and can be evoked and modified by a
variety of stimuli, for example by stroking the perioral area or the
Tips, orAby introducing a suitably~shaped object into the mouth. ‘It can
- be elicited from the 24th week of foetal 1ife by stimulating the mouth
bregion (Humphrey, 1964). Sucking is coordinated directly with swa]low1ng
in the uterus, and after blrth successful feeding necessitates precise
integration with the other components of feeding - the rooting reflex, taking
the nipple fnto the mouth, and swallowing - and with‘breathing_(Peiper,,
1963). The synchronisation of sucking, swallowing and breathing can be
influenced by ‘the fluid ingested; some fluids, for example, breast mi Tk,
promote better coordination than others (Johnson and Salisbury, 1975, 1977).

The term "'sucking'' can be mlsleadlng since although one sense of the
word is '"to draw liquid into the mouth by contracting the musc]es of the
1ips, cheeks and tongue so as to produce a partial vacuum" (Shorter Oxford
English Dictionary, 1933), another is ""to apply the llps to, for examp]e,

a teat or breast for the purpose of extracting milk; to draw milk from

the above W|th the mouth', which does not imply the use of negative pressure,

In actual fact the sucking of the baby has both positive pressure (expression)
and negative pressure (suction) components,

The flow of milk or other fluid into the baby's mouth is governed by
the magnitude and the duration of the positire and negative pressure applied
to the nipple or teat, the size of thé.hole or duct through which the fluid
must pass, the viscosity of the fluid, and any extrinsic forces which
'facilitate_its entry to the mouth, for éxample the mifk ejection reflex

in breast feeding (see Chapter 1) and gravity in both breast and bottle
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feeding. Before the importance of miik ejection was generally recognised it
was often thought that infants obtained their nourishment from the breast by
suction alone, and so especially rigid feeding nipples were produced to prevent
collapse during suction (Ardran, Kemp and Lind, 1958a). An alternative and
popular theory, also proved incorrect, was that the milk was obtained by com-
pressing the lacteal sinuses between the jaws (Waller, 1938).

Various authors have put forward different views as to whether positive
or negative pressure is central in obtaining milk. For example, in 1958
Colley and Creamer followed the changes in pressu}e within an artificial nipple
and in the mouth and upper a]imenfary tract during feeding, concluding
that suction pressure generated in the mouth is the more important factor.

In contrast, Ardran, Kemp and Lind, in their cineradiographic studies of
breast and bottle feeding in infants aged from a few days to six months
(1958a,b), interpreted their findings as showing the pre-eminence of the
expression component of sucking produced by compressing the teat between
the tongue and the hard palate for obtaining milk, Subsequently they com-
bined this technique with the recording of pressure changes in the mouth,
which supported the conclusions of the previous two papers (Ardrén and Kemp,
1959) .

I't seems that the relative balance of positive and negative pressure
during sucking can be varied by the baby in response to the needs of a
particular situation (Sameroff, 1968), and with hindsight the search for the
"primary mechanisms' seehs rather a red herring. As Kron and Litt (1971)
point out, the source of the disparate results of such investigations are to
be found in the differing methods and the different apparatus used. In fact,
they are an illustration of the considerable adaptability of sucking.

A composite picture of what occurs during sucking on the breast or on

an artificial teat with similar physical characteristics can be built up
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from the descriptions of GWynne-Evans (1951), Co!ley and Creamer (1958),
Ardran, Kemp and Lind (1958a,b, 1959), and Tulley and Campbell (1965).

During breast feeding, a teat is first formed by sucking. into the mouth
the nipple, areola ana underlying tissues of the Ereast. The nipple forms
fhe mobile bulb of the teat and the neck arises from the stretéhing of the
areola and underlying tissues. The teat is up to three times as long
as the nipplé in repose, and shortens to its original proportions as soon
as the baby's hold on it is released (Ardran, Kemp and Lind, 1958b).

Its protractility and flexibility are important to fhe success of breast
feeding (Gunther, 1955), and increase automatically during pregnancy
(Hytten, 1958). This accords with Ardran, Kemp and Lind's emphasis on the
compressibility of the teat which facilitates the expression of the mllk

The infant's llps form an airtight seal around the teat which, when the
Jjaw is lowered, esxtends to the back of the mouth and fis held»between the
hard palate and the tongue. The tongue is grooved longltudlnally and
pos:tloned well forward in the mouth. The neck of the teat is compressed
against the upper gum pad by the upward-curving anterior margin of the
tongue. This bulging of the front part of the tongue is supported by fhe
jaw coming up, and as the tongue is raised against the lower surface of the
teat ffom before backwards its central furrow is progressively obliterated
in this direction.

This Ystripping' or milking' of the teat by the tongue causes it
to narrow and it shortens as the tongue moves backwards, the positive
pressure squeezing the milk into the mouth. Milk also enters the mouth
as a result of the negative pressure created by the s}ﬁultaneous Tower-
ihg of the back of the tongue behind the teat. The jaw and tongue are then
lowered and the tongue again becomes grooved Iongitudihal]y, creating further
hegative pressure, and as a result milk is drawn in to refill the teai which
expands to fill the enlarged mouth caVity. The tongue then again comes forward

and up, followed by the jaw moving up as the rhythmic cycle continues. CoIley
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and Creamer's interpretation varies in that they say the tongue moves back~
ward in order to produce negative pressure, like a piéton withdrawn in an
airtight syringe, and not simply to strip the teat.

On the breast, the balance of positive and negative pressures is likely
to change with availability of milk, e.g. Ardran and.Kémp (1959) state that
"after some minutes of feeding (on the breast) the pressure (in the mouth)
did not fall so low as it did initially and peaks of positive pressure
appeared more frequently, ' WEtH rigid‘bottles, where teats cannot be
occluded by the tongue, the depression of the back of the tongue behind the
teat creates suction which, alone or with the aid of gravity, can provide
the child with adequate milk (Ardran, Kemp and Lind,.1958a; Ardran and Kemp,
1959) .

2.2, Classification of sucking

There are several possible ways of charécterisfﬁg sucking behaviour,
which must not be confused. Distinctions can be based upon:

(i) The motivation for sucking, This can be hunger or thirst, or the
baby can suck for comfort and reassurance, ‘Sucking can also be used to
provide ér maintain stimulation under appropriate experimental conditions,
For example, thirteen month old infants will suck to bring a picture back
into focus (Kalnins and Bruner, 1973). This is an indication of the
control over.his sucking which the infant develbps,

(ii) Whether or not the infant is obtaining fluid°

(iii)  The rhythm, patterning, amplitude or temporal organization of
sucking. (The term 'organization" of sucking as used in this thesis refers
to this aspect, rather than to the coordination of the individual movements
which constitute a suck)o Sucks usually occur in groups, termed sucking
bursts, separatéd by pauses., Both the relative duration of bursts and pauses
and the distribution of sucks within the bursts, i,eo_the within-burst

sucking rate, can be used to characterise sucking,
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2.3, Measureméntvand stability of sucking

Sucklng on a bottle can be measured either digitally (Levin and Kaye,
1964) or analoglcally, using apparatus based on that developed by Kron,
Stein and Goddard (1963) and by Sameroff (1965), in which the posatlve
and negative pressure changes exerted on a modlfled artificial nlpple are
recorded simultaneously by means of fine polyethylene tubes connected via
pressure transducers to a polygrapha‘ Fixed amounts of nutrient can be given
contingent upon the production of positive or negative pressure above a
certain threshold. The response can occur for each suck or at a set ratio,
or can be related to the burst/pause pattern of sucking, A more recent
developmentbis the recording of sucks by the direct measurement of thévflow
of milk through the feeding bottle, by means of an electromagnetic flow-
meter transduccr located between the reservoir and the nipple (Johnson.and ;
Salisbury, 1975),

Although sucking during breast feeding is most easily recorded by
observatlon of the movements of the baby's jaw (e, g. Kaye, 1972, l977);
measurement of the concurrent pressure changes in the mouth can also be used
as with bottle feeding (Ardran and Kemp, 1959) Luther, Arballo, Sala and
Cordero Funes (1974) fixed polyethylene catheters to the mother's nipple
such that they lay within the baby's mouth during sucking. The tubes were
connected to pressure transducers and thence to a po]ugraph, and both
positive and negative pressure changes were recorded,

Many measures have been used to_characterise the sucking records, such
as number of bursts or sucks per unit'time, burst length, inter-burst
intervai or pause length, and, at a finer level, interjsuck interval (IS!) or
its reciprocal, the within~burst sucking rate, amplitude of sucks, and the
exprcssion/suction ratio. In much of the early literature, rate per unit

time was the primary measure used with no allowance made for pauses (e.g.
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Kron, Stein and Goddard, 1963).

Although the normal infant already has the ability to suck at birth,
the reflex may need initial "priming'" with an appropfiate'stimulus before
it attains its full vigour (Gunther, 1955), - Once established, the order-
liness and regularity of its organization are remarkable. The stability
exhibited during repeated tests on the same infants is striking (Balint,
1948; Kaye, 1968), For example, quite high positive correlations are found
between an infant's responses to different nipples and nipple~shaped objects
(Dubignon and Campbell, 1968a)° Kron, lIpsen and Goddard (1968) looked at
various measures of sucking with milk delivery and found consistent individua]
differences between infants over the first eighteen féeds of life., In
addition, all parameters (sucks per minute, average peak pressure per suck
per minute, milk consumed per minute) increased over this period and the
infants also differed consistently in their rétes of increases. The authors
conclude that sucking pressufe is the best discriminating measure, on the
grounds that rate fs unreliable because it is used to regulate intake.

In contrast, Lipsitt, Reilly, Butcher and Greenwood (1976) found less
sfability with 15% sucrose Solution; within=burst sucking rate
alone had signiffcant test-retest coefficient from Day 1 to Day 2, When no
fluid was given, the total number of sucks, the number of pauses, the number
of responses per burst and the mean withjn-burst IS| showed high correlations
over.this period. This corresponds with the findings of Sameroff (1967,
1971) of individual stability in the number of 'sucks, the frequency and
average length of bursts, and the average length of pauses under similar
éircumstances° Pollitt, Gilmore and Valcércel (1978) found mean amplitude
of sucking and the amount of time during nutritive sucking.with mitk
formula to bé stable over a 4-week period.

Interest in these stable individual sucking parameters centres around
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the fact that in the search for reliable ways of characterising early human
behavnour, wnth a view to identifying possuble correlates with and predxctors
of the course of future psychologlcal development, sucklng stands out as one
of a baby's most highly organized actnvntneso It is one of the most, if not‘
the most, hlghly developed and well~coordinated motor responses of the young h
lnfant present far in advance of €.9, handumouth coordlnatlonoA This early
competence means that it forms one of the most important points of contact, |
cr channels of communication and exploration, between the infant.and the out-
Side world., This, tdgether with.fts ease of recdrding and its malleability,
has resulted in the response being used as a way of studylng the behaviour,
the perceptual abllltles and the social capabllttles of the young :nfant.

The hlghly ordered, consistent rhythm of sucking in the human lnfant-
prov:des a clear example of temporal regulatlon and arrangement of unltsv”‘h
of motor behaviour. This in turn has potential value tn the elucidation of

the relationship between cerebral activity and behaviour, since there is

h much evidence that the pattern of”sucking'js a CNS~regulated phenomenon, -

For example Wolff (1973) found precise rate concordance between the‘sucking
and the tail movements ef the infant goat, indicating a common central

"pacemaker''. Human infants sometimes open and shut their eyes in time to

their suycks at the beginning of a feed (Wolff, 1973), and both motor

’

patterns are affected in identical ways by rate-modUIating peripheral stimuli

‘suggesting a common central oeci]latory mechanism. In addition, infants

with quite gross abnormalities of the oral‘cayity e.ga hare lip, show'nc
ditferences in the patterning of their sucking movements (Wolff, 1967),

Since sucking is dependeht on the integrity of the CNS, one wou]d expect
a variety qf disturbances in infants wfthbmajor ma]fermaticnsof the brain
or those with metabolic disorders, and this is indeed the case.(WOlff, 1968b).

For example, full-term infants with an Rh incompatibility and transient
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hyperbilirubinemia, tested in the first ten days, sucked at lower mean
rates with more intefburst variance than did normai infants, and the
degree of abnormality was greater the higher the serum bilirubin level.
Infants with major abnormalities of the higher cehtres, e.g. anencephalics,
had reduced suéking rates but a normal pattern of sucking. Similar
results were seen with three microencephalics aged between three and twelve
months. This suggests that sucking is primariiy organized in the older parts
of the brain. [n contrast, cﬁiidren who had no neurological abnormalities
but who had sustained damage to the CNS of a less dramatic nature showed
altered sucking patferns. Newborns with a history of perinatal distress,
- although appearing neurologically undamaged, showed greater variability in
a variety of sucking parameters (Dreier and Wol ff, 1972)., The absoiute
~differences in the measures of sucking behaviour ére not always large
even though significant, and there is a certain amount of overlap with normal
values so that they cannot be used aé clinical teéts of the neurological
status of individual infants. Nevertheless, it is interesting that théy
often reveal that the brain has stil] not fully recovered from its earlier
‘insult even where no other signs, of abnormality are detected. >Whether or
not they have any predictive value for later development is not yet known

2.4, Sucklng ‘and obstetric medication

Another influence on infant sucking Eehavioﬁr which is increasingly
pertinent is the medication which may be given to the mother before or
during labour. Many drugs cross the placenta; their effects upon the baby
depend upon the type and dose of drug and the timing of the administration.
For exampie,‘pre“medication of the mother with high doses of barbiturate,
which at one time was widely Qsed, leads to a lack of responsiveness and
hence depressed sucking in the infant during the first few days after birth
which could hinder their adaptation to breast feeding (Brazelton, 1961).

Kron, Stein and Goddard (1966) carried out a more detajled study, which
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excluded the confounding factor of the drug on the mother's behaviour.
Infants whose mothers had received barbiturate sedation but no other
medication during labour had significantly slower overall sucking rates,
p?essures, and consumption of milk formula when compared with a control
group.

2.5. Nature of the sucking object

The sucking rhythms can be modified by moment-to-moment peripheral
feedback. This can be thought of as a transient adaptation to differing
conditions which continues as long as these conditions are maintained. Under
many circumstances a considerable degree of plasticity, or ability to
adapt, Is seen in response to intra- and extra-oral stimuli. No learning
is involved as the responses are modified virtually immediately; sucking
éeems to have built in to it a prior adaptability.

Sucking can be elicited by placing a nipple-like object, for example,

a human finger, in the infant's mouth; the amount of sucking is influenced

by the bhysica] characteristics of the object - contour, compressibility,
size, etc. For example, Lipsitt and Kaye (1965) showed that rubber nipples
elicit twice as huéh sucking as do quarter-inch diameter rubber tubes.

The above factors are important for successful breast feeding (Gunther, 1955,
see Chapter 1) and when considering the design oflartificia] feeding nipples.
It has been suggested (Peiper, 1963) that artificial nipples are more effective
in eliciting sucking than are human nipples, in other words they are ''super-
normal' elicitors of the response in the ethological sense of specific
stiﬁu]i releasing innate patterns of behaviour (Tinbergen, 1951). Bearing

in mind the observation of Ardran, Kemp and Lind (1958a) that the rigid
feeding nipples in use at that time did not allow the infant to utilize the
positive pressure component of sucking to obtain milk, it is clear that

this is not always the ﬁase, although the distinction must be kept between

the ability of the teat to stimulate sucking and the extent to which it
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allows etficient removal of milk. _

| When no-fluid sucking using soft ano hard-tubes>WSre compared -
(Dubignon and Camphell, 1968a), significantly more sucks per minute were
obtained with soft tubes. They also found that tubes of large diameter
(11/16") elicited less sucks per minute than those of a small diameter
(4" and quartef«inch), which had similar counts. Even the counts torhthe
"hest!! tube are considerably teduced when compered With those obtained
with a rubber'nipple (37 1 per minute compared to ig 7 per minute)
‘Sxmnlar effects were found ~during nutritive sucking where the lnfants received
mi 1k formu1a (Christensen, Dublgnon and Campbell, 1976) . This is lmportant ‘}”':
because it shows that the above effects are not over- ruled by the powerful
bstimulus of fluid in the mouth.

Crook (in press) suggests that the organization.of no-fluid or non-
‘nutritive sucking, once elicited, is relatively invariant but that its amplttude
or V|gour may be consnderably reduced, the apparently slower counts and altered
rhythms of sucking seen with sub~ optlmal stimuli resultlng from the use of a
pressure threshold that is too high. |

2.6. Nutritive and non-nutritive sucking :

Another major source of intra-oral variables whieh ptovide peripheraisfeed;»
back is the fluid the baby may receive durlng sucklng, and the effects of its
qualltatIVe and quantitative properties have been WIdely studied. A predominaht
‘theme runnlng through the literature is that of two dichotamous modes of sucking, :
: the nutritive and the non-nutritive, which are dcstlnguushed by their dlfferlng
temporal organization (Halverston, 1932; Balint, 1948; Colley and Creamer,

(1958; Dubignon and Campbell, 1968b, 1969; WoTfF, 1967, 1968a). The
lmpllcatnon is that these are two distinct behavaours Nutritive sucklng occuyrs
in response to fluid. and non nutritive sucklng occurs when none ‘is avallable,

for examp]e during pacnfler sucking. The non= nutrltlve mode is also seen in the

‘spontaneous mouthing of sleepy or sleeping lnfants (WOlff, 1966, 1968a). This
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is interesting in that it suggests that the pacifier merely functions to elicit "
sucking but does not influence its ''pre-set'' organization.

Wolff in partfcular has extensively studied the occurrence and organizafioh
of both modes of sucking. The bottle feeding apparatus he used was based on
that.of Sameroff (1965) and the sucks were recorded by polygraph. Nutritive
sucking is described as a near-continuous steam of sucks with mean inter-suck
intervais varying from 1.0 seconds at 4 days to approximately 0.7 seconds at
3‘months.. Non-nutritive sucking is described as.a regular alternation of
bursts and pauses, the mean inter-éuck intervals within the bursts ranging
from 0.48 seconds at 4 days to 0.4] seconds at 3 months (Wolff, 1968a,b).

Wol ff's criterion for defining a pause in sucking is that the polygraph
writer should remain in the baseline position for one second or longer. This

makes it impossible to make an exact comparison between his data and data

analysed according to the more common criterion of a pause, which is that the

interval between equivalent points on two sucks should be greater than a certain

length; The use of the baseline criterion could result in a variable cut-off

‘point (in terms of inter-suck intervals) between within-burst intervals and

" pauses according to how fast the pressure falls to baseline and subsequently

rises again. It is unfortunate, too, that Wol ff does not give any indication
of how much milk his infants received with each suck.

Towards the end of a bottle feed, the ihfant is said to shift from
nutritive to non-nutritive sucking and back again, i.e. '"the slow and the fast_‘
rates of sucking are represented as diséontinuous quantities''(Wolff, 1972, 1973).
Nutritive gucking breaks up into éegments of variab]é length towards the end
of a feed (Wolff, 1968a). Hence when nutrient flow is switchéd on in a
nipple desighed to record_sucking, the pattern of sucking éhanges almost
immediately from the non-nutrititivg mode to that typical of nutrititive
sucking (Wolff, 1968a; Dubignon and Campbell, 1968, 1969).

Human infants are said to be the only ones who respond to differing milk



25
fldws in this way. Wolff (1968,1973) examined the sucking patterns of a wide
variety of infant mammals when milk was flowing through modi fied teats and when
the milk supply was cut off fnfants other than humans who continued to suck
following this interruption continued té suck with the continuous sucking of the
nutritive mode, with no appreciable change in the suckrng rate. The work
of Brown and Pieper (1973) with hunan, chimpanzee and orangutang infants con-
firms the continuous nature of non-nutritive sucking in the primétes closely
fe]ated to humans. Wolff concludes that al though most mammals suck nutritively
andvnon-nutritively, only in human babies does the organization of suéking
differ in the two conditions. It is in non-nutritive rhythms that humans
differ; nutritive sucking across species is similar in organization alﬁhough
its rate varies from one to four sucks per second. Wolff goes on to say that"
this reflects the occurrence of a qualitative shift in the temporal organizatfon
of sucking during‘human evolution, with the implication that two separate
central oscillatory centres control tBe rhythms of the two modes of sucking.

A rather different picture ié_found in Kaye (1972), who discusses the’
burst/pause pattern which Wol ff maintained was characteristic of non=nutritive
vbut not of nutritive sucking. As a result of a variety of observations on
Breast and bottle fed babies he states(wifhout supplying the data) that the
burst/pause pattern occurs with both nutritive and non-nutritive sucking and
that the patterning is a simple, unlearned response to the rate of milk
flow. With a rapid flow of milk, sucking may continue for several minutes
without a pause. Pauses occur as a result of the depletion of milk or its
absence, and their length varies according to rate of milk flow. Above an
unspecified thfesho]d they.diéapbear, in a subsequent paper, Kaye (1977)
goes on to suggest that the equation of pausing with non-nutritive sucking
. alone is a misconcepﬁioﬁ brqught aboutfby; for one thing, a ;omparisdn merely
of fast fluid flow with no flow at all. His work in this paper is based

upon data from breast and bottle feeding together and no attempt is made to



26

separate the two.
Luther et al (1974) also mention a wide range of sucking rates of
between 53 and 122 (mean 75 &) 2) sucks/minute during'the breést feeding of

66 children. Unfortunately it is not clear whether these are average

. va]ues, one per nursing period, or the rates which occur dur|ng lndtVIdual

bursts of sucking. In any case, they do not dlst|ngu|sh between the stages
of the nursing period when milk is easily obtained and when it is more scanty
(before'miik ejection and towards the end). They do, however, describe
sucklng subsequent to the milk eJectlon as an alternatlon of sucklng and
relaxing periods of approxnmately s[m?lar duration, which in pattern does

not correspond»to Wolff's nutritive mode, as might perhgps he expeoted; but

rather supports Kaye's (1977) observation that all sucking is fundamentailY-

‘organized in a burst/pause pattern.

Both burst/pause patterns and sucking rates were described by Crook

(1976) for conditions in which Q.01 or 0.03 ml of 5% sucrose solutlon were

‘ glven for each criterion suck. The lower rate of milk flow ellcvtedvslgnl~i

ficantly more pausing'and a significantly faster within-burst suckinélrate N

when eompared with the:higher flow. Crook's findings with respect to the

‘within-burst sucking rate were replicated by Burke (1977) in his study of

sooking and swallowing using 0.01 and 0.04 ml of sucrose solution.

These studies‘soggest that the'pettern of socking is infiuenced by the
quéntity_of'fluid the beby-receives with each suck when these'quantities
are small, so that the characterlstlcs of nutritive sucklng may approach
those of non- nutrltlve sucking when the flow rate is very low. However,

the circumstances of testing are very dnfferent from natural breast feeding;

" to which the baby's sucking behaviour is adapted, and the fluid usedvdiffers

from breast milk in many respects. There is clearly a nedd to look at the

baby's sucking from a more naturalistic perspective. "
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2!7. Pauses during sucking

Pausing is a distinctive feature of human suckihg. It has only been
demonstrated in one other species, the rat (Drewett, Statham and Wakerley,
1974).

Several explanations of why pauses occur have beén put forward, although
as Crook (in press) cautions, it cannot be assumed that the determinants of
pausing are the same on the breast as on the bottlef

Pausing during bottle feeding does not appear to be caused by momentary
fatigue, since pause durations do not'corre]ate with the length of the
preceding bursts (Crook, in press). Possible effects of fatigue over longer
periods of feeding inevitably become entangled with any effects of satiety on
pausing. Satiety does seem to have an effect; this is.suggested by Wolff's
(1973) finding that pauses increase in length and frequency during a bottle
feed with no change in milk flow or composition. This would have two
effects: | |

(1) "It could be used by the baby as a means of regulating milk
intake;

(2) Since the mother is likely to notice an increase in pausing more
than éhe would notice, for example, chahges in sucking rate, it could serve
as é means of signalling satiety to the mother.

Sucking may be organized such that a certain milk flow rate triggers

a particular proportion of sucking and pausing. For example, during non-

nutritive sucking as commonly defined, more pausing is seen than when milk is

flpwing. As Hillman and Bruner (1972) suggest, the more’liquid enters

the baby's mouth, the more likely sucking is to continue, once begun.

Pauses could occur as a result of the violation of the baby's expe;tation of
a steady milk flow, as a result of which he stops to scan the éituation.
Alferhatively, as Campbell points out in‘a discussion of Brown's (1973)

paper, infants could initiate a burst of sucking in order to investigate
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the object in the mouth, and,'wheh tﬁey discoVer that no milk is available,
Yswitch off' the sucking. Soon after, tﬁey "switch on'' again to investigate,
and so on in an ''on/off'' pattern. When the baby discovers fluid in the mouth,
there i's then ﬁo need to ''switch off'. |

Pauses could also allow the refilling of the hilk sinuses and dﬁcts
under the areola during breast feeding; However, Ardran, Kemp and Lind
(1958) state that the pauses are longer than would be needed for this |
purpose, and Crook (in press) states that the léngth of a ﬁause does not
éorrelate with the length of the following burst (neither author supplies
the relevant data). Another function of pausing might be to protect the
mother's nipple from damage during feeding when milk is not flowing.
Sustained negative pressure, unrelieved by swallowing, can cause lesions of
the tissue of ﬁipple and areola (Gunther, 1945);. However, Gunther also
says that infants can maintain considerable négative pressure dﬁring a
pause. |

It has also been suggested (Bruner, 1968; Kaye, 1972, 1977) that an
important function of pauses is to provide an opportunity for social
intekaction and dialogue between mother and child, and that the turn-faking
developed during feeding is a 'prototype' for similar interaction in later
development. And mothers do look at and talk to their lnfaﬁts more during
paﬁses than during sucking (Bernal Dunn and Richards, 1977) |

2.8, ‘Inteérmittent fluid delivery

The introduction of a few drops of liquid into an infant's mouth will
élicit sucking which may persist long after its introduction (Peiper, 1963;
Crook, 1978). In a study of the organization of sucking in response to
differing fluid contingencies (Dubignon and Campbell, 1968b), the mean
within-burst rate of sucking decreased from 1.7 to 1.3 sucks per minute
and the bursts increased in tength when 0.5 ml of 5% dextrose solution was

given at every 10th suck. Thus the introduction of fluid at éyén this Jow
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rate of delivery has an immediate and pronounced effect, shifting the non-
nutritive pattern towards that more typical of nutritive sucking.

A similar increase in the length of sucking bursts, accompanied by a
decrease in pause length, was described by Hillman and Bruner (1972) with
increased reinforcement in infants receiving milk formula on fixed interval
(up to 2 seconds) and fixed ratio (FR1, FR2, FR3, FR4) schedules.

This suggests that receiving a particular volume of fluid in response
to a suck tfiggers the characteristic response (in term of the rate of sucking
within the burst and in burst length) regardless of whether the same volume
or less is received with subsequent sucks. Monitoring the fluid and
""'setting'" the appropriate response may therefore only take place at the

beginning of each burst of sucking, or be periodic.

2.9. Characteristics of the ingested fluid

Over and above the effect of having fluid in the mouth, the
characteristics of the fluid can influence thevinfant's sucking. The
property which has received most attention is taste; others, such as vis-
cosity (which may alter concomitantly with taste, as in sugar solutions),
have not been closely examined for an effect on sucking. The temperature
of the fluid has been found to have no major effect over the range 200.- 40°¢.
(Hytten, 1951), although finer effects on the structure of sucking rhythms
may yet be found. |

Work on taste has cehtred on the four basic elements of taste in
humans; sweef, sour bitter and salty, aﬁd on milk itseIF, whose flavour is
predominantly the result of its fatty acids and its lactose content, together
with any flavours originating in the mother's diet which may appear in |
her milk (Galef and Sherry, 1973).

Newborn infants ingest more of ‘a concentrated sugar solution than of
a weaker one, suggesting that sweeter tastes are innately preferred (Maller

and Desor, 1973). It is suggested that pure water is aversive to human
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infants and that they maximally inhibit its intake, so that no further |
diminution is seen with salty, bitter or sour solutfqns (Deéor, Maller and
Andrews, 1975), though they can detect these tastes, as shown by the ex-
ﬁressions of dissatisfaction they provoke (Peterson and Rainey, 1910).

A more sensitive indicator of the discrfminatory abiiity and the pre-
ferences of infants than their intake is the technique developed by Crook
(1978) . Small quantities of the test fluid are given during péuses in
non-nutritive sucking. Almost invariably a burst of sUckihg fapidiy ehsues,
the length of which is related to the taste of the fluid; the‘more preferred
the taste, the longer the burst. Decreased burst length with salt solution,
relative to that in response to plain water, is a demoﬁétration of the infant's
aversfon fo'salt. This technique is an extension of the finding thaf sWeetéf
fluids resulf in longér bursts of slower sUckiﬁg (Lipsitt, 1977). Its |
findings accord with the fact that the résponse to a sugar solution is an
increase fn the number of sucks per minute as compared with the number‘ob-
tained withipure water (Kobre and Lipsitt, 1972). | |

This increase in sucking has been examfned in more detail by'Lips%tt,
Reilly, Butcher and Greenwood (1976), who found that the within-burst
sucking rate was slower with 15% sucrose solution thaﬁ in the condition
with no‘fluid. The associated increase in responses/unit time resulted
from a combinatioﬁ of longer bursts and a reduction in the number of pauses.

Crook (1977) inc{uded the pure water condition; which is necessary
in order to distinggish the effects of sweetness froﬁ those of flufd-per se,
by supplying his infants with sucrosevsolutions of 0,'5, 10 and 15%. As
the concentration of sucrose increased, the number of bursts decreased and
their length increased; both parameters peaked with the 10% solution. Thé
data suggest that 10% sucrose is the preferred concentration. These rgsults
are in keeping with, and éxtend, the findings of Crook and Lipsitt (]976)

concerning changes in the organization of newborns' sucking with sweet
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solutions. .The concurrent increases .in heart~raté (Créok»and Lipsitt, 1976;
prsitt, Reilly, Butcher and Greenwood, 1976; Lipsitt, 1977) from no fluid
to plain water and with increasing sweetness have led to the suggestion

that the changes constitute a hedonic response, the infants' sucking being

slowed to enable savouring of the sweeter, more pleasant, fluids. However,

whereas preferences indicated by e.g. total amount of sucking and intake of

fluid peak at 10% sucrose, the mean ISI continues to jncrease.through to 15%
(Crook, 1977).

Newborns consume greater quantities of milk than of water (Maller and
Desor, 1973). In a study.- comparing sucking with 5%_gorn.syrup and milk:
formula, Kron et al (1967) report that infants fed cow's milk suéked at a
significantly higher overall rate than those fed corn syrup. Dubignon and
Campbell (1969) documentéd the changes in the rhythm and wfthin-burst
rate of sucking when 5% dextrose solution was replaced by milk formula.

Both the mean IS| and the proportfon of time spentvSUCkiﬁg increased.

Most studies of sucking rhythms have used cow's mi1k;Afhe.efFect of.
different milks has only recently been looked at. Johnson and Salisbury
(1975) examined fhe effect of expressed breast milk and cow's mi 1k on sucking
and breathing, using an electromagnetic flowmeter. While the total number
of sucks did not differ, their frequency distributions did. There are more
very short intervals (below 0.5 seconds) and more long intervals (abové 1.5
éeconds),i.e. pauses, with breaSt.miIk than with cow's milk. There was
also much more individual variation in the sucking patterns, varying from
the situation where the two records for an infant were fndistinguishable
to that where the infant sucked continuously with cow's mitk and in a
pattern of bursts and pauses wfth breast milk. (This may also be a reflection
on the considerable émount of 'variation in fhg composition of breast milk,
both between djfferent women and in the same woman at'different stéges of

the day).
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All these many lines of evidence show that_taste exerts a powerful
infTuéhce upon sucking rhythms, affeqting‘both the overall amount of the
response and its detailed structure. |

I an infant's sucking is changed by changes in fhe composition of the
fluid ingested, changes in rhythm might be expected as a result of changes
in the composition of breast milk during a feed. The “hind milk" has half
as much protein again and up to four times the amount of fat of the ”fore.
mi-1k'" (Hytton, 1954), |

Hall -(1975) has suggested that the changes in taste and/or viscosity
resulting from the rise in the Tipid éontent of‘breastlmilk as the‘breast
is emptied act as cues enabling the baby to obtain the appropriaté balance
of ehergy and fluid. This, she suggests, is achieved through the baby
déciding when to come off the breast, rathér than néceésarily by changing
his sucking. Hall does not discuss whether or not tHeybehaviour might be |
learnt, by, for example, a mechanism such as that of conditioned‘satiatioﬁ,
which has been demonstrated in man by Booth, Lee and McAleavey (1976).
Presumably the cues on the second breast would have a stronger effect than
the same ones ‘towards the énd of feeding on the first breast, in parallel
with the way }h which the palatability of a food changes during the course °
of é meal in adults as satiety is approached.

Chan, Pollit and Leibel (1979) found no support for Hall's hypothesis

when the 1lipid densuty of formula milk was abrupt]y increased during a bottle

feed. However, the vegetable ]Iplds they used would not provide the
infants Wlth the same cues as breast milk lipids, and their_subjects were
bottle fed infants who had presumably never before encountered é rise
in the lipid density of the milk during a feed.

It is not yet known whetﬁer infants can distinguish between milk of

differing fat levels. |f théy'cah (as seems fairly likely given the high

concentration of flavour components in' the 1ipid fraction), it would be
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interesting to see whether differing fat levels do influence the organization
of sucking. So far, it is only sweetness which has been shown to exert
such an effect, and lactose levels remain much the same throughout a breast
feed.

2.10. Factors arising within the baby

When considering the course of a feed, any effects of a hunger/satiation
and fatigue on sucking must also be taken into account. The time elapsed
since the last feed influences whether or not the infant is willing to
feed in the first place. It‘seems that once the nipple has been accepted and
feeding begun, the actual degree of hunger has little effect on the rate of
sucking. Dubignon and Campbell (1969) studied sucking throughout a bottle
feed (i.e. nutritive sucking). During the last quarter of a feed, there
was a significant decrease in the nﬁmber of suction and expression responses
as compared with the first three quarters, which all had broadly similar
counts. Thus satiety was marked not by a decrease in the rate of sucking
within bursts, in which no significant differences were found, but by:the
infants spending less time actually sucking. The sucking mechanism also
appeared to change, as thsre was an increase in the expression/suctfon ratio,
due to a pronounced drop in the frequency of the suction component. The
authors liken it to a chewing or mouthing of the nipple.

Several studies on the effect of satiety on non-nutritive sucking have
also been reported. Levin and Kaye (1964) examined overall sucking rates
under non-nutritive conditions at intervals of between 10 and 90 minutes
after feeding, and obtained a significant correlation‘with time since feeding.
On the other hand, Wol ff (1972) found no influence of gastric loading with

milk on the organiiation of non-nutritive sucking on a blind nipple but

does not give the measure of overall sucking rate which would allow comparison

between the two findings.

Any effects of milk and the consequent decrease in hunger upon the.
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organization of sucking must be dissociated from their effects on the infant's
behavioural state and the ensuing effect of this change in state upon sucking,
However, this may be difficult. | -

~The particular mode of functioning of the nervous system, manifesting
itself as a particular state (for example, regular sleep, quiet wakefulness)
has been shown'to be a predictor of infant behaviour (Preéhtl et al, 1973),
including the response to stimuli. For example, sucking cannot always be
elicited by a nipple; hence it may often be important go know the state of
an infant being studied. However, Bell and Haaf (1971) found virtually no
correlation between the state of the infant and his reaction to a test of
motor response, to removal of a teét, and measures of non-nutritive sucking.
Théy therefore caution. that it may often not be necessary to make complex
assifsmehts of state.

.“In order fo study the possible effects of hunger on state and on non-
nutritive sucking, Wolff (1972) worked with young infants recovering from
surgery to remedy tracheo-oesophageal fistulas. This enabled him to comparev
normal feeds, direct gastronomy feeds with nobopportunity for the infént to.
suck, and feéds in which the infant sucked for milk which was continuously
aspirated from the stomach via a gastronomy tube. Loading the stomach with
milk, especialiy when this is accompanied by sucking, affects the infant's
state such that he is more 'likely to fall asleep, whefeas oro~pharyngeal .
stimulation alone does not have this effect. Wolff's results confirm the
view that the 6rganization of non-nutritive sucking, tested after feeding, is
not alteﬁed by any of the types of feed, although the likelihood of sUcking
is.reduced.

As to the effects of fatigue, studies on a pacifier over periods of
10-15 minutes (Levin and Kaye, 1964) show that work decrements are small
with a complete recovery of initial sucking rates after one minute of rest.

Infants are capable of sustaining remarkably long periods of sucking without
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apparent fatigue, in contrast to adults who very quickly tire within 1-2
minutes when they attempt to do likewise (Wolff, 1968a,b). It appears then
that fatigue has no major influence on sucking patterns during bottle
feeding.
2.11. Conclusion

The research conducted to date on behavioural aspects of infant feeding
is curfously divided. On the one hand, there is a wealth of "common knowledge"
and traditional practice relating to breast feeding and its management. This
is not always firmly groundedvon empirical data. On the other hand,
laboratory studies provide a large body of such data, at least on sucking
and how it is inleenced; but most of these data have been collected on
bottle feeding infants, and studies of this kind quite ignore the need to
understand the behaviour of the baby in relation to the mother's lactation.
It is therefore very difficult to relate these bodies of work one to the other.
Oﬁe would like to see them more closely integrated.

The emphasis of the behaviourist tradition in studying sucking has
been to modify and manipulate sucking wifhout prior study of the range and
organisation of the behaviour in its natural setting. There is a need for
observational studies describing the organisation of sucking during natural'
breast feeding, and for studies of the way the sucking patterns respond to
chaﬁées in milk flow as a result of milk ejections or the emptying of the
breast. Such studies might be more relevant in the investigation of breast
feeding difficulties than isolated study of the baby's sucking.

In this thesis results of work of this kind are presented.
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CHAPTER 3

THE ORGANISATION OF SUCKING DURING BREAST FEEDING

3.1. Introduction

Some of the factors which influence the organisatién of infant
“sucking have been described in Chapter 2. A recurring theme is that of
the two different sucking patterns, nutritive and non?nutritive, shown by
human infants. These two modes of sucking are distinguished firstly by
their different temporal oréanisation ~ non~nutritive sucking occurs in a
burst-pause pattern, nutritive sucking in a more continuous stream of sucks;
and secondly by the different rates of sucking within episodes‘of continuous
sucking, non=nutritive has a mean inter-suck interval of 0.41 - 0.48 seconds
and nutritive sucking of 0.7 - 1.0 seconds (Wo]FF, 1968a,b) .
When the child is sucking on the breast, very little milk is availabfev

to hfm before milk ejection, and since this resemb1e§ Wolff's non-

nutritive condition during bottle feeding one would expect to see the
correspondiﬁg pattern.of fast sucking interspersed by pauses. As the milk
begins to flow, one would expect this to change to the nutritive pattern of
sucking, and later oh as the breast empties one might expect a return to the "
non-nutritive pattern. In this chapter, therefore, sucking patterns during
breast feeding are examined to see whether sucking on the breast corresponds
with what would be expected 6n the basis of this earlier work on bottles.
This possibility is of interest for two reasons:

(1) .The data on nutritive and non—nutfitive sucking related to bottle
feéding and we need to know whether comparable results are found during
- breast feeding, to which it is naturally adapted.

(2) If it is possible to pick up a clear and obvious change in the sucking
rate around the point of milk ejection as the milk suddenly begins to flow,

this could provide a non-intrusive way of detecting the occurrence of a milk
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ejection, in contrast to more disruptive methods such as cannulation of the
nipple (Cobo et al, 1967; Luther et al, 1974).
This could be of use in studying difficulties associated with breast
feeding; the sucking rate of the baby might indicate whether or not milk‘
was available and therefore whether the milk ejection was being blocked, for
example by stress or anxiety (Newton and Newton, 1948).
3.2. Subjects
The subjects were eight lactating, breast feeding mothers and their_
babies. Most of the mothers were approached during ante-natal National
Childbirth Trust classes and ff they expressed interest in taking part in
the research they were contacted again three to four weeks after the birth
of their child. The other women were contacted informally. No.criteria for
inclusion other than the good health of mother and child were used. The
eight infants were studied for a total of 41 breast feeding sessions

(details in Table 3.1).

TABLE 3.1
Parity of Age of baby in No. of
Subjects mother days at time of sessions
session(s)

Ms F. and Alexandra (AF) ] 28- 56 3
Ms G. and Angela (AG) ] 91-121 b
Ms L. and Andrea (AL) ] 29 1
Ms R. and Emily (ER) 1 23-120 12
Ms R. and Sian (SR) 2 35- 70 b
Ms S. and Jamie (JS) 1 32-116 9
Ms Y. and James (JY) 1 25- 98 6
Ms Z. and Joanna (J2) 2 45- 64 -2
3.3. Method

A room was set aside as a nursery to be used purely for work on infant
feeding. For reasons df hygiéne, only those directly involved with this work
were allowed into the room. The room resembled a sitting-room, with easy
chairs, one of which was particularly suitable for sitting in to breast feed.

The room was quiet and the window was high enough to prevent passers-by seeing
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in. The arrangement Qf the room during recording sessions is illustrated in
diagrammatic form in Figure 3.1. |

On a pre-arranged day, the mother was contacted early in the morning
to establish thé timé of her baby's next feed, as far as it was possible to
prédict it. The couplé wére then fetched so as to arrive at the nursery
fi freen mindtés béforé this time, allowing time for sétt]ing in., The motheré
wére askéd to breast feed their infants as they would at hdme, for the same
léngth of timé, with such interruptions as they wished. The baby was not
pﬁt to the breast until he (or she: but | will use "he') showed clear signs
of hunger such as rooting behaviour, agitation or crying. This was left
entirely to the discretion of the mother. The emphaéis throughout was on
minimal disrﬁption to the feed, the aim being that it sHould resemble, "in
timing, comfort and privacy, a feed at home, and thus disturb the infant's
behaviour asllittle as posﬁible. Every effort was made to put the mother at"
. her éasé and thé sessions wefe not hurried in any way.

A Hitatchi videotape recorder, model SV~612K,.and'a Shibaden CCTVY
camera, modé] HV~165, were used, together with a television screen in tHe
nursery for monitoring the picture during recording. The video recorder
was houséd in an adjacent room in case its fairly loud running noise disturbed
thé baby or thé mother. The babyfs face was viewed from the side, so‘asbto
havé thé ]iné of thé camera at right-angles to the direction the child was
facing. This gave a clear view of the movements of the jaw, cheeks and.throat
during fééding. Because of the need for a close-up view of the infant's
sucking moveméﬁts, the picture generally included the mother's breast but
nothing more, as a result of which her behaviour and that of the baby, other
than sﬁcking, weré not generally wvisible.

3.4. Transfer of sucking record from videotape to computer

The video recordings were first timed with a stop-watch to give a

precise record of each time the baby went on and came off the breast. This



Monitor

Workbench TV Television | Sink

Video
Recorder
\Camera
Adjacent \> Mother \ Chair
Room & 7N\
" Experimentor Boby
DOOR

Figure 3.1.
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greatly facilitated the subsequent keying-in of the sucks.

To increase the manageability of the lafge amount of data the sucks Qere
stored on computer disc. Manual keympressingvsigna1s were used to indicate
sucks, and these were stored as the sequential inter-suck intervals of a
feed. Thus as the video récording was viewed the key was pressed each time a
suék occurred. (1t should be borne in mind that inter-suck intervals-
includg the duration of the sucks themselves, which are difficuft to delineate,
as well as the actual intervals between them, and therefore are essentialiy
intervals between successive equivalent points in the sucking cycle, and not,
literally, between sucks) .

Sucks were generally very obvious and clearvfrom the rhythmic moVements
of the jaw and cheeks. (Occasionally if the jaw was obscured from time‘td time,

despite the mother's attempts to make it more visible, the concurrent moveménts
of the breast proved very helpful in following the sucks).A A suck was recorded
at a point immediately following the completion of the "up-stroke'', i.e. |
when the infant's lower jaw had come up to meet the upper. This was chosen
because it is a very clear point in the sucking cycle. Suéks were recorded

a slight interval after this point in order not to anticipate a suck befofe it
had occurred, which is a danger‘when recording such a serieélof rhythmical
movements where successive intervals can in fact vary considerably in any

burst of sucking.

Reaction times between observing a suck:and pressing the key will.
inevitably Vary and are likely to be between 150 and 200 milliseconds (Teichner
and Krebs, 1972). This constitutes a non-systematic error, the effect of
which on the accurate representation of the rate of sucking over a period of
time will be minimal. As a measure of the reliability of the keying-in,
the sucks from one section éf tape approximately one minute long were

transcribed three times, with the following results:
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Mean of intersuck
intervals (within

ﬂg. of sucks

bursts)
1 98 | - 70.1 centiseconds
2 100 70.3 "
3 99 69.1 "

The moment of going on the breast was defined as the moment the infant
took the nipple firmly and fully into his mouth (not merely touching it with
his lips or tongue) and the baby was recorded as héving come of f the breast
when he ré]éased the nipple from his mouth, and breast and mouth were no
longer in contact.

In addition to the key for recording the sucks, a second key was available
Which acted as an gvent'récorder. When the inter-suck intervals were listed
on the computer print-out, an "X'" was printed beside the intervals during
which the "event'" was recorded. This was used to record subjective reports'
of milk ejection, recorded on the sound channel of the video tape.

Each separate block of data was keyed-in with the beginning of the
record béing the point at which the first suck occurred; the end of a block
was signalled either manually when the baby came off the breast, or by an
automatic cut-off at 5 minutes, which was the maximun period for which | could
focus on the monitor screen.with the necessary degree of attention without
considérable eye-strain. Thus where the baby was on the breast continuously
for 5 minutes or more, the first five minutes only of this period on the breast
were fécordéd. A representative sample of sucking during the feed was obtained,
since thé infants generally came off several times during a feed (see Figgre 3.4).

| The blocks or episodes of sucking stored on disc were labelled 1A,
1B, 2A, 2B etc., 1 and 2 referring to the first and second breast and
A, B, etc. to the serial order of the episodes on each side. fhe following
information was recorded with each episode:
Name and age of baby;

Left or right breast;
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Ist or 2nd side;
Serial order of episode on each breast - A, B, C, etc.
3.5. -Results

Figure 3.2 shows the distribution of the length of the feeds and Figure
3.3 the periods of time actually spent on the nipple. |

The raw data on suﬁking stbred in the computer are the successive inter-
suck intervals :in centiseconds for each episode, 1A, 1B, etc. of each breast
feed. These inter-suck intervals were grouped together in 10~second
categories (bins), for al] feeding episodes pooled.

The distribution of these inter-suck intervals can be seen in Figure 3.4
as a histegram of the number of infervals in each bin. The same data
 presented as a histogram of the survivor scores are plotted in Figure 3.5. -
Beginning with the total number of scores, those in each successive bin are
subtracted in turn. The survivor data are plotted on a logarithmic scale
in Figure 3.6. This is' the log survivor function, a transformation of the
frequency histogram in which the intervals are cunulated to the left and the
frequéncy values are logged (Machlis, 1977). Plotted as log 5uryivor functions,
negative exponential curves appear as straight lihes, and theipkobability of
an inter-suck interval occurring in the category adjacent to any particular
category ié proportional to the slope of the line (Cox and Lewis, 1966;
Machlis, 1977). |
| The two straight lines of Figure 3.6.represent two.smboth distributions
of inter-suck intervals. This indicates two negative exponential decays
in the distribution of intervals, approximately from 0.4 to‘l.] seconds and
from 1.5 seconds upwards. Once an inter-suck inte(val of the former distribution
(of shorter‘intervals) has occurred, the probability is high that it will
be followed by other short inter-suck intervals in rapid succession; in other
words sucks occur in bursts. |

The point of intersection of these two distributions can thus serve
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to mark the division between the short within-burst inter-suck intervals and
the longer pauses between bursts of sucking.
The method of least squares was used to find the best straight lines for

the two distributions, as follows:

Distribution 1 Distribution 2
Axes (within-burst (pauses)
sucking) -
1 x = length of ISi's, y = no. of ISI's
gradient -0.014 -0.001
intercept 5.05 3.43
correlation ~ 0.998 -0.999
2. x =no. of ISl's, y = length of ISI's : ‘ .
gradient - ~72.30 -741.79
intercept 365.57 2565.04
correlation - 0.998 - 0.999

The two sets of values for the gradient (m) and the‘intercept (c)
obtained from the y on x and the x on y were substituted into the equations

y1:m1x1+c1

Y2

The two distributions cross at the point (x,y) where both equations are
satisfied, and by solving the two equations simultaneously a value for the
intercept (x,y) ig obtained, for x on y and y on x.

1. 130.4 centiseconds

- Mean = 129.6 centiseconds

2. 128.8 centiseconds

Values 1 and 2 are very close, which, together with the high values of
the correlations (above), indicates two distinct and well-separated distributions.,

The mean figure for the intercept is rounded up to 130 centiseconds, or
1.3 seconds, as the technique of transcribing the sucks does not warrant a
greatér degree of precision. It is interesting that the overlap between the

two distributions is in fact so small when it |s considered that the

effect of the non-systematic error due to random variation in reaction time
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between observing a suck and keying if in to the computer would be to blur the
transition pofnt rather than to introduce a bias towards either long or
short sucks.

For the rest of this thesis the following terminology is used. Intervals
between sucks which last longer than 1.3 seconds are called "“pauses'';
intervals between sucks of 1.3 seconds or less are called "inter~suck intervals"
(1S1's). Inter-suck intervals provide a measure of "within-burst sucking |
rate' (or simply "'sucking rate''). "Bursts'' consist of one or more sucks. .

Two or more adjacent sucks are classified as one burst when the interva]s
between them are al} less than 1.3 seconds (i.e. are "inter-suck intervéls“),
The sum of thevpaﬁses as a percentage of the total time on the breast is called
the "]percentage pausing time'.

The cut-off point of 1.3 seconds between the distributions of inter-suck
intervals (continuous sucking within bursts) and of the pauses between the bufsfs
was used in all subsequent analyses.

Figure 3.7 shows log survivor functions for the first and second breast
separately. These functions are normalised, i.e. the number of IS1's in each
bin is expressed as a percentage of the total. They are shown in this Form‘to
allow comparison between the two sides.

Figure 3.8 shows the distribution of intervals of each length on sides -
l.and 2. Both types of representation are needed in order to give a clear picture
of the distribution of the intervals between sucks.

The total number of intervals on each side is sfmi]ar (12,474 for side 1
and 12,665 for side 2). From Figure 3.8 it is clear that there is a greater
number of long intervals on side 2 than on side 1, Figure 3.8 shows that
the modal interval on side 1 is 0.6 seconds whereas on side 2 it is 0.5
seconds. The wider curve for side | indicates a greater variability of intervals
than occurs in the more peaked distribution of side 2.

Table 3.2 gives the percentage pausing time for each baby on sides 1 and 2;
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the single value per baby represents the pooled data from all that baby's
feeds, and the scores on the two sides were evaluated using a t-test.. The

differences do not reach signfficance with this test.

TABLE 3.2

PERCENTAGE PAUSING TIME

Subject : . Side 1 o Side 2

AF ' . 29% b2y
AG . 12% . 23%
AL ' ' - 18% ' 30%
ER - 27 hox
SR ' 4 32% , 55%
JS o 40% : | 38%
Jy ' . 26% o 38%
Jz | 20% ' . 15%
Mean - | 25.5% . 35.1%
S.E. 3.1 | b b
t?test; |

t = 1.182, N.S.

3.6 Discussion

- The sucking records presehted here do not uphold the concept of two
dichotamous sucking rates, nutritivé siow sucking and non-nutritive fast
sucking punctuated by pauses. The only discontinuity in the overall log
survivor function of Figure 3.6 occurs well outside the range of that post4
ulated to divide nutritive from non-nutritive sucking, in that thefe appear
to be two separate distributions,.that of intra-burst.(short) and of inter-
burst (long) intervals (referred to in this text as ISl's and péuses, res-
pectively). The distributioné are quite distinct, wifh the transition between
them occurring at 1.3 seconds.

Within the distribution of intervals below 1.3 seconds, ISl's are graded
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befween 0;5 and lfl.seconds._ Thi§ range covers the sucking rates of both
nutritive.énd non-nutritive sucking as described by, for example, Wolff
(l968a,b) for bottle feeding infants. If the nutritive and non-nutritive
sucking rates were discantinuous, such bimodal distribution would be

reflected in the log survivor function.

H. Kaye(1964, quoted by the same author, 1968) excludes IS!'s greater
than ‘1.5 seconds from bursts bf sucking but does not give the~rationale »
behind his chéice; neither do Sameroff (197]) or Wolff (1973), who use a
criterion of 1.0 seconds. K.‘Kaye (1977) defines the cUt-off point as 2.0
seconds on the basis that since the dlstrnbutron of sucks he finds in breast
and bottle feed!ng is bimodal and almost no nntervals of 2.0 seconds are

"seen, this is likely to be the transition point.,

The cut-off between ISi's and pauses occurs at 1.3 seconds, as deter-

mined from the survivor function.

Tht distribution of ISlI's differ between the two sides (Figures 3.7, 3.8);
the mode on side 1 occurs at a higher 1Sl than that of side 2, i.e. sucking.
is slower overall, and on side 1 there is a greater variability about the

mode.

Why is the baby'sbsucking different on the second breast? Fatigue
has been shown to have little influence on sucking patterns in bottle
feeding (see'Chapter_Z). Nevertheless, it is feasible that, despite the
facilitating milk ejection mechanism, sucking on the breast éogld prove to
be cumulatively more tiring for tﬁe baby than bottle feeding since the baby
must actively maintain the shape ofbthe teat (formed from nipple and areola)
in order to feed. Thus fatigue could possibly be a factor in changing

sucking patterns.

The baby's hunger.is likely to be reduced by the time he is put to nurse
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on the second breast because he will have already consumed a good portion of
the feed. It seems reasonable that a baby should suck for less of the time
whilst approaching satiation (as has been demonstréted by Wolff (1973) with
bott]e‘fed infants), and this is cbnsistent with the increase in percentage
pausing time observed on the second sfde. Perhaps the baby takes a little
milk and then stops without yet being ready to come off the breaét. The role
of satiation is also supported by Wolff's finding that pauses increase in
length and frequency during the coﬁrse of a bottle feed, despite a presuhébly
constant rate of flow and ﬁnchanging milk composition, |

The factors associated with the milk which might explain the different
sucking patterns on the two breasts aré its availability and its qompositlonf
Mi]k intake is the resultant of its availability and of the.baby's hunger
and vigour in sucking. Availabiiity.influences its rate of flow; evidence
thét this.can exert an influence on sucking patterns at low rates of flow
during bottle feeding was discussed }n'Chapter 2. Miltk availability might
well be Tower on the second breast since this.is usually the one that was
given first, and therefore the more thoroughly drained, ihithe previous feed.

3.7. Further analysis. Within-burst sucking rates and the milk.ejection
' reflex,

Milk ejection usually occurs within one minute of the baby going onto the
breast; unless it has already occurred as a result of stimuli associated with
preparing to feed. Latencies of between 10 and 30 seconds are quoted by
Isbister‘(l954) and are said to be constant for an indfvidua] at a partfcu]ar
stége, and to lengthen as the lactation progresses. Caldeyro-Barcia (1969)
notes that the first contractions of the mammary glands are usually seen within
60 seconds of the onset of sucking; and Sala, Luther, Arballo and Cordero
Funes (1974), in their study of intra-mammary pressure during nursing, state
that sucking evoked reflex milk-ejection within 45-70  seconds. Thus the

baby may have a period during which he is obtaining little or no milk and

during this time his sucking might be expected to show the typical no-fluid
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pattern. And a shift in the pattern of sucking towards the nutritive mode
may occur when the milk becomes precepitately available as the circulating
oxytocin stimulates the myoepithelial networks to contract and expel their
contents, If so, this would gfve a guide to whether or not the MER has
occurred. Isbister (1954) citeé the observation of the baby's sucking movements
as'oné method of detécting milk ejection. Giving no data, she describes- |
the baby as sucking or nibbling the nipple, often in a restless,.hungry fashion,
for periods of from a few seconds to one minute after taking the nipple, then
becoming still and sucking in a regular rhythmic mode for a few minutes,
pfesumably when the milk becomes available.

In ofder to see whether any such changes can be detected objectively
in the baby's sucking rate, the ISI's werelanalysed for eacﬁ éuccessive
30-second period the baby was on the breast. A 30-sécond perfod was chosen
as being long enough to give a good estimate of sucking rate and short
enough not to obscure any changes. -

In all cases in which the baby stayed on the breast for at least one
minute before coming off (29 out of the 41), the mean IS| for the first and
second 30-second periods were compared, see Table 3.3. Onevsubject, AG,
was not represented because she did not suck at all during the first 30
seconds on the nipple so it was not possible to get a measure of rate.

For each subject, the mean IS! is longer for the secohd than for the first
30 seconds; i.e. the sucking rate decreases during the first minutes of
feeding. A correlated t-test was ¢arried out on the data. The highly
significént decrease found in within-burst sucking rate dﬁring the first
minute of breast feeding is most probably associated with the sudden
onset of the flow of milk as a result of milk ejection, although proof
wouid require measurements of intramammary préssure. It therefore appears
that the rate 6F sucking chanées in the predicted way.

Assuming that they are associated with milk ejection, the differences
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TABLE 3.3
Subject No. of feeds Within- burst 30~second 1S, mean of all
: pooled * feeds per subject.
lst 30-seconds - 2nd 30-seconds
AF 2 0.72 0.88
AL ] 0.77 0.98
ER 5 " 0.85 0.92
SR h 0.69 . 0.82
JS 9 0.59 0.68
Jy 6 0.76 0.95
JZ 2 0

.67 0.76

df =6, t = 6.611, p< 0.001, 2~tailed.

in mean ISl are a]most certathly underestlmates of the chanée in sucklng
rates due to milk ejection since there are two factors Wthh would effectlvely
decteése the differences:’
(i) In. somelcases the milk may have beeh Tet down before the baby went
on to the breast so there would be no difference between the two 30- seeond
petiods.'. | B
(it) In othet cases the milk may have come in very soon or very near thel
~end of the first 60 seconds of the feed, g:vung similar sucklng rates For
both perlods.

If the precuqe time at which the let~down occurred.was known, for example
through monltorxng the changes in- |ntra~mammary pressure (Friedman, 1960'
_ Luther, Arballo, Sala and Cordero Funes, 1974), one would expect to see
an even'greater difference ih the mean 1Sl's before and after this pdint;"
The mothers in this experlment were requested to. report any milk eJectlons
they felt, as they felt them, in order to relate these times to the SUCklng
of the baby. The criterion used was that of a tingling, sometimes palnful,
-sensation in ejther breast., Subjective methods of detecting mf]k ejection
have been used by, for examp}e, Isbieter (1954), andAshOWn:to'be correlated
: with an increase in intra-mammary ptessure (Luther, 197@)« However, é;

clear experience as described above was very much the exception among this
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group of women, and when they were reported, the timing was uncertain due
to delay or to the diffuse nature of the sensation. This may be due to the
preponderance in this sample of primipara, who often do not feel such tingling

sensations until they have been breast feeding for many weeks (lsbister, 1954).
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CHAPTER 4

A MORE ACCURATE MEASUREMENT OF INTER-SUCK INTERVALS

4.1, Introduction

Videb recording was used in the previous chapter to measure the rate
oF‘infant sucking over a period of time comparable to the length of a sucking
Burst. In order to get a more accurate and precise record of inter-suck
'intervals throughout the range seen, and to determine whether indeed there
is a smooth, continuous distribution between the short and the lbﬁger 1St's
(approximately.0,5 - 1.0 seconds), the baby's suckihg rate was recorded on
film: On film, the intefvallbetween two events can be measured exactly by
cbunting the number of frames betweén them. This can be converted into the
actual time elapsed., The technique is limited only by the certainty with -
which the events in question can be identified and by thé accuracy with'whiéh
the running speed of tHe camera is known, |

To be certain of including 1Sl's of both the nutritive and the non-

nutritive rates (see Chapter 3), filming was carried out mainly during the

first minutes of a feed. During this ‘time a wide range of ISl's is generally

seen, as demonstrated by the substantiallyV519wer sucking rate of the second
hal f=minute as compared with the first half-mihhte‘of a breast feed, shown in
Chapter 3.

L.2. Method and analysis

Mothers were recruited as before and brought to the nursery with their

babies just before the expected time of a feed, Details of the subjects

are ‘given in Table 4.1,

The baby was put to the breast when he showed signs of hunger, and the
mother was asked to proceed just as she would at home., Filming was in black

and white at 24 frames/second and began in most cases as soon as the baby
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TABLE 4,1
: ‘Parity of Age of baby in No. of
Subjects - mother . days at each - sessions
: : P session
Ms C. and Ann ] 59 1
Ms C. and Rachel 1 b2 1
Ms J. and Catherine 1 -85 2
Ms L. and Christopher 2 kb2 1
- Ms S. and Michael 2 LY 1
" Ms T. and Heather 2 50 ]
Ms T. and Katherine 1 76 1

Unfortunately the "identifying section of three films was lost in development
The two other subjects who were filmed are: :

Ms W. and Emma | | 1 ' 25 ' o

*Ms R. and Paul ' 1 under 3 months S
‘ C ’ but exact age
'not known

The third unldentlflable session is accounted for by another session from one
of the other subjects. :
went on to the first breast. Two cameras were used on different occasjons;nooth
were Canon Scoopic 16 mm models. Ddring all but.twovsessione, onerreel'oniyd f
was_used giving three minutes of recorded sucking from eéch feed;‘ In ordetdtoi
conserve film, tilming.was stopped whenever the baby‘came'off the-breast éndi
continued once he was back on. Eleven sessioné'were filmed (nineifnfantejgo.
To cneck.on the running speed of the two cameras and hence the accuracy -
of the tihing of the.daté, each camera was used;to film the face of a digitaf'
quartz crystal clock for 30 seconds. The clock was an OMB electronic countet
,timer, model 745, accurate to 1 in t06. .From the film,'the number of framee.‘
spanning_Z0.00 seconds was counted by hand. This figure was lelded by 20
to give the running speed of the camera in frames per second.
One camera ran at exactly 24.00 frames per second; the other at,ZhLlS _b
ftames per'éecond This devsatlon, amountlng to a constant error of 0, 62/
is negllglble for the purpoqes of thlS experlment, and both cameras were taken
~as runn;ng at 2b frames per second. (it is for;thls reason that time 15 grven

in units based on 1/6 sec).
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Each Film'wae aha]ysed frame-hy~frame,usihg auMofion‘Analysis projeetor,
Specto model MKI11. As the film was run through the projector, each frame
moved the counter along by one positionﬁ this was reversed when the film was
rewoundv mak{ng it possib]e to keep a cohtinuous record of one's position along
the film. Two people were required for the analysis, one to operate the-

prOJector and to note the counter reading as the other person lndtcated the -

sucks.  An equnvalent point in each sucking cycle was identified as accurately'

as posefble; this wes the top point of the movement .of -the lower jaw,:when ft,
had'just'begun to travel down again,

The resdlting‘data were summarised in the form ofvthe numbervof ISI's
of each frame length per session, and the data were then pooled. The totalkav

number of IS1's recorded was l 556

i 4.3, ~Results and discussion

A histogram shows the distribution of ISI's (Figure M;IA). The ISI's i
are pooled”in bihs.of 1/6 seeond. | -

If the baby's sucking were divided into the two rates, nutritive and
non~ndtritfve, the distrib ution of 1S!'s below one“second fnvlength ihvfidure
L, 1A wouid be bimodal This is ciearly not the'case. “The exper|ment therefore
upholds the conc1u510n of Chapter 3 (based on V|deo recordings) that sucklng o

on the breast is not divided into nutritive and non~nutritive modes. Further-"

more, the dlstrxbutlon of ISl's is graded on either snde of the mode, lllustratlng -

the continuity of the distribution of the ISI's, In F|gure LA, the modal
ISl is 0.66 = 0,83 seconds in length,

Most of the records were obtained during the first few minutes of a feed,
beginning as soon as the baby went on to the breast. For comparison,»therefore;
the corresponding pooied data obtained from the video_recordihgs of all “
episodes 1A in Chapter 3 are preeented'in Figure 4,18 in the same form, a

histogram in bins of 1/6 second. The 1A episodeS-Cover approximately the same
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stage of the féed as was filmed. |
The two histograms are very similar and the modal 1S] in Figure 4.1B.
is again 0.66 - 0.83 seconds, which Is the same 35 that of the film data of
Figure 4,1A, This validates video recording_asvan accuraté téchnique for the v ng
measurement of 1Sl's since the modél sucking:faté is the same when measured: :; , .n length
more reliably, hence no systematic error occurs with video. There is ho suggeétfon |
of a binodal sucking rate wifh either technique. ' ' . x atlthé ;
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TABLE 5.1
| . , Parity of Age of baby in days
EEEJEEEE mother at each session
'Ms B. and Emma 2 | by, b9
Ms C. and Alice ] 35, 50 56, 63
Ms C. and Michael 1 72
Ms D. and Hannah 2 33
Ms F. and -Anne~Marie ] - 39
Ms F. and Lorna 1 55
Ms K. and Barbara 1

health of both mother and baby.
5.3. Procgdure

MoLher and baby were fetched so as to arrive at the nursery approxumatelyi
15 mnnutes before the estimated tlme of the baby s next feed, giving an
opportunlty to settle in and to dlscuss the procedure for the feed

Jus t before berng put to the breast, the baby was weighed on a Mettler fﬂj
E20 top loading balance modi fied for the purpose by havnng a child's car
.safety seat W|th its straps removed fixed to it at a SU|table angle (see
F:gure 5.1). The. balance which is desugned to withstand tough working condrtlons
and is not harmed by the movements of a restless baby, we;ghs up to 20kg and the
Vtare extends to 5kg so that the scale can be adJusted to zero with the seat_f"
in place. Weighing was_done to the nearest 10g, or to 5g if the baby remainedgf
'exceptfonaliy still, which is sufficiently accurate for the purpose of
monitoring milk intake during a feed. The Child remained in the same clothesjtr
throughout the feed so that any |ncreases in weight could be attrlbuted '
ventnre]y to milk lngested Losses due to the evaporation of sweat and the
loss of water. vapour from the lungs during the feed are insignificant
relative to the gains involved. |

When the.baby began to show signs oflhunger the video equipment (described:.

in Chapter 3) was switched on; the camera‘focused_‘on the child's face,
and breast feeding began. .The chofcesof which breast’to put the chrldAto firsc

was left to the mother.
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A stOpwciock,was swftched‘on when the baby first took the nipple fuilyv
- into his mouth, as opposed to simply mouthing or licking it. vSucking usually
v followed immediately. ’After three minutes, whatever the proportion ot that
time actually spent on the nippie (provided that the.infant was held throughont E
»in a posntlon which allowed feeding), the baby was lifted from his mother s '
arms and weighed. |f he was sucking at»the’tlmei the mother would often wait.‘
untiI the,end of. a sucking burst and then‘gently extricate her nippfe from’
his mouth.’ Removal of the baby occasionally elicited some protestv especially
in the early part of the feed, although the infants were generally tolerant
- of being taken off the breast. After weighing, the baby was returned to hlS
_ mother to resume the feed, and a baby who had cried. on being taken from the
breast would always settle down again very quickly.

'The samevprocednre was‘followed throughout the feed, which was thus
.._dtvided into 3-minute periods timed in each case from the acceptance of
the nlpple | |

The ponnt at whach the baby was transferred to the other breast was
left to the mother 5 Judgement. Wenghnng'was done at this point too, but
because of the f]exibijity of feeding it often happened that-the mother:
arranged the changeover to coincfde with the end of a 3-minute episode. In
many cases, the‘baby‘had his nappiesbchanged between sides, which'necessitated
refweighing before going back on‘the breast. The duration of the feed was
fett to the mother andvthe’baby. The 3-minute episodes are referred to as
1A, 1B etc.(for the.first,side) and 2A, 2B etc. (for the second side).

5}4.- Transfer of data onto computer

The video recordlng of each session was first played in order to obtaln
a complete record of when the baby was on the breast, i.e., of both the duration
and the exact tlmlng‘of the 3-minute periods and the intervals between them,
and of the amount of time'actually spent onvthe breast within these periods.

While watching each session a second time, the sucks were keyed in to



67

the computer as described in Chapter 3, giving a record of the ISl's in
centiseconds; the times at which the baby went on and came off the breast
within each 3-minute period were afso inserted by the use of a second key.
A complete computer record of a feed_cénsisted of the ébbve data for each
3-minute episode, together with the following information:
Name_and age of baby
Date of session
Left or righé breast
Ist or 2nd side
Seriél order Qf episode on each breast - A, B, C, etc.
]nterval from preceding e@isode
Milk intake during the 3 minutes.
The ISl's werevstored in l0-centisecond bfns. The cut-off point of
1.3 seconds, established in Chapter 3, was used to differentiate between thé .
IS1's of bursts and those of pauses; only 1S1's be!oQ this value'wére jncluded
in thebsubsequent calcu]atiqn of sucking rates.
5.5. Results |

5.5.1. Sucking patterns

The data were analysed by compéring‘the sucking pattern analysed as
specified in section 5.4, during the first, second and third 3-minute
periods of sucking on the first breast, i.e. episodes 1A, 1B, 1C (there were
‘not enough episodes fromside 2 to al]ow a similar analysis through this
side); and from episode 1A to episode 2A, using one averaged value per
subject in each case. 1A and 2A are episodes fairly far apart in the
feed which allow a comparison of sucking patterns with similar milk flow
rates but presumably differing extents of satiety in the baby. This comparison
is carried out in order to examine any effect of hunger on sucking patterns.
The measures examined were:

Mean |IS1;
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Mean pause length;
Mean burst length;
Mean number of sucks/burst;

[}

Mean % pausing time
(as defined in section 3.5).

| 'n two subjécts out of the seven,.fhe feed on side.l did not.include
an épisode 1C ‘and so they were excluded'from.fhe first part of each

ahalysis, i.e. comparison of 1A, 1B.and I1C. Analysis of variance was

carried out on these measures as they varied fran 1A to IC and a t-test

!for corre]ated sanple; was used to compare episodes 1A .and 2A. The data are. -

given in Flgures 5.2.- 5. 11



.FIGURES 5.2 ~ 5.6

COMPARISON OF THE THREE CONSECUT IVE

'3-MINUTE EPISODES ON BREAST 1 (1A, 1B, IC)
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SECONDS

rFigure 5.2. Mean IS + S.I.'s




SECONDS

ANOVAR, df=2,8, F=6:31 p <005

Figure 5.3. lMcan pause length + S5.E.'s
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SECONDS

i ANOVAR, df=2.8 F=100, NS,

Figure 5.4, Mean burst lensth + S.%.'s

The differences were still not significant after lo aritinmic or
square root transformation of the data (to deal with +he uiesual

variance).
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N
O

SECONDS

S

ANOVAR, df=2,8, F=099 N.S.

N.S. also after logarithmic or square root transformation

Ficure 5.5. Mean no. sucks/burst, + S.E.'s



% of time on breast spent pausing

Anovar, df-2-8, F=6-30, p<0-05

Figure 5.6.  Mean % pausing time + S.E.'s
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FIGURES 5.7 - 5,11

‘COMPARISON. OF BREAST 1 and BREAST 2

CFIRST 3 MINUTES ON EACH (1A and 2A)
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SECONDS

Figure '5.7.

Mean 151
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SECONDS

t=-0-7131, df=6, NS.

. Figure 5.8. Mean pause length, + S.E.'s




-

SECONDS

Mean burst

t=-0454, df=6, NS.

length # S.F.'s
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Ficure 5.10.

Mean no. sucks/burst + S.%.'s
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We can now summarise the results, as follows:

(1) Mean IS! decreases from the beginning to the end of the first hélf—feed.
Over the same period, mean péuse length and % pausing time increase.

(2) There is no significant difference between sucking for the first tHree
mfnutes'on breast 1 and on breast 2 (i.é.,‘between gpisodes 1A and 2A), on
ahy measure. | |

In order to allow comparison with other experiments, the data of the
first half-feed were also analysed using the criteria used by, for example,
Lipsitt (1976) and Kaye (1977), see Table 5.3. In this analysis, a burst
is recorded when two or moré IS1's of 2.0 seconds or less occur together, f.e,
when three or more sucks are separated by 2.0 seconds or less.

Although thé changes through side 1 are‘lesé'pronouncéd with these
criteria, the changeé are similar in fhat.mean ISI decreases and percentage
pausing time increases whilst mean burst length and the mean number of sucké_
pér burst do not signifiéant]y change. Mean péuse length does not increase 
using these criteria, whereas it does so with those used befdre. Clearly
the main differences, in ISl and Z pausing time, are robust and survive a
certain element of analytic arbitrariness.

TABLE 5.3

SUCKING PATTERNS DURING THE FIRST HALF-FEED, ANALYSED WITH
COMMONLY~USED CRITERIA WHERE A BURST = 2 OR MORE IS!'s OF
2.0 SEC, +

Analysis of variance

df 2,8

1A 1B 1c E p
Mean 1Sl 0.86 0.81 0.78 ’ 9.18 0.01
Mean
pause length  3.35 3.16 4,96 2,52 N.S.
Mean
burst length 47.09 66.72 13.49 0.82 NS,
Mean no. o
ints/burst 55.0 87.5 18.53 0.83 - N.S.
Mean % :

pausing time 9.17 12.26 29.65 7.5 0.02
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5.5.2. Milk intake during bréast feeding

In this experiment milk intake through a breast feed was monitored by
weighing the baby at intervals. This was done in order to examine the relation-
ship between the amount of milk taken .in with each suck and the sucking.pattern;
but the data obtained on milk intake are themse]ves interesting since they
provide information on how much milk is taken by the baby at various.stages
of the feed on both breasts. Such data may be c]inically useful in thé manage-
ment of lactatlon, for instance, in deciding how long the baby should be fed
Other studies are based upon the amount of mllk obtained by extractlon
with a breast-pump from one breast as the baby feeds from the‘other (HYttén,
19654; Ha{l, ]975); on cross-sectional test-weighing data, for example.Luﬁés,‘

_Lucas and Baum (1979);0r else the method is not gnven, for example Smlth and
Merritt (1922). |

Intake is determined by the milk évailablé and the baby's.readiness to
ingest it, so procedures which extract all the mf!k in the Qland do not
necessarily reflect the volumé of milk the baby would actually ingest .at
any one feed.

Figureé 5.12 and 5.13 show, respectively, tHe mean amount of milk ingested
during each 3-minute interval and the mean intake of milk per minute of time
actually spent on the breast, as the feed progressed. Figure S.fk shows the
pattern of milk intake during the feed (é mean value of the percentage of
the feed taken in each episode was calculated for each baby, and the mean
of these calculated). Figures 5.15 and 5.16 show how the milk intake is
distributed bétween the two half-feeds, in terms of grams per half-feed and
grams per minute on the breast, reépectively.

A1l the mothers rountinely altéknated which breast they gave to their
babies first so that the first breast given at akparticular feed is that which
was given last in the previous feed. Thfs’éléernationvprevents the unéom-

fortable build-up of milk in one breast which could lead to engorgement .
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Figure 5.12. Mean milk intake per 3-minute episode + $.Z.'g
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Figure 5.13. 'Mean milk intake in grams_per mipute on the breast, + S.E.'s




% of total feed taken

Figure 5.14. Pattern of milk intake throughout the feéd
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SUBJECT | |
EB 143 55
AC 80 ' 46
MC 130 75
HD 80 ' 30
AF 10 80
LF 100 70
BK 90 ' 70

Figure 5.15. Milk intake + S.E.'s. Side 1/side 2
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GRAMS PER MINUTE

SUBJECT

EB
AC
MC
HD
A F

LF
BK

Figure 5.16. Rate of milk intake + S.E.'s side 1/side 2

161
15

176

14-5
95
9-7
115

87



88

and infection, and also stops one breast eventually becoming larger than the
other. |

Mean milk intake on breast | is 72% greater than thét on breast 2,
améunting to 63% of the total intake. The rate of milk intake is correspond-
ingly greater. Intake per 3-minute episode declines through side 1 and
through side 2; intake in the first episode of.side 2 is Higher than that of
the last on side 1. Using intake per minute on the breast as a measure, these
trends are equally pronouncea'- intake declihes steepTy fhrough side 1, rises
again as the béby goes onto the second side, but only to just over 60% of
the value~attained in episode 1A, and then fa]]é off gradually.

In episode 1A (three minutes), the baby obtains apprqximately 51% of.hig:in-
take on the first side, and approximately 90% in episodes 1A and 1B toéether,.
which make up the first six minutes of the feed. This accords with Smith and
Merritt's figure of 40~60% of the milk being taken during the first four mfhuteé
of the feed when the baby is fed on one breast only during a feed (Smith and
Merritt, 1922). Lucas, Lucas and Baum (1979) found that 6-day old infanté had
consumed over 45% of the milk intake on the first breast in two minutes and 90%
after four minutes on that breast.

It may appear from this that very short feeds on each side are adequafe;
however; as Hall (1975) has pointed out, much of tﬁe fat and hence the energy
(and also the fat-soluble vitamins) is in fhe hind milk. Hall quotes a baby
as obtaining only 13% of the total milk volume between the 11th and 16th
minutes of a feed on one side, but this milk supplied -nearly a quarter of the»

total lipid and one sixth of the total protein and energy.

5.5.3. Milk intake per suck

The milk iﬁtake per 3-minute feeding episode was divided by the number
of sucks in that episode to give values for the intake in grams per suck.
These are of course mean values and there may be coﬁsiderab]e variation within
an episode. However, 3 minutes is.a short enough,perfod over which to pick

up differences through the course of a feed. The values of mean milk
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intake/suck for each episode are given in Table 5.4 and the overall value per
episode in Figure 5.17. Individual values range from zero to 0.48g; most fall

between 0.1 and 0.3g. The majority of the highest values occurred during

‘the first episode on the first side. Intake/suck declines through the first

and through the second half-feeds. It is lower on breast 2 than on breast 1

(t = 2.63, df = 6, p<0.05). Mean intake/suck in 2A is not significantly

lower than in 1A.
TABLE 5.4

MILK INTAKE /SUCK

1A 1B 1 2A 2B 2¢
EB 0.39 0.21 0.21 0.13 0.22
0.48 0.25 0.07 -0.12
AC  0.23  0.09 0.10 0.15
0.31  0.23 0.09 0.2 :
0.33 0.30 0.11 0.4
0.16 0.19 0.06 0.3]

MC0.41 0.27 0.19 0.22 0.10 0.17
"HD- 0.31 0.14 0.17

AF 0.14  0.18 0.05 0.23 0.09
LF0.25 0.1 0.06 0.13 0.13 0.00

BK 0.17 0.3] 0.20  0.23 0.12

5.5.4, Correlation between sucking measures and milk intake per suck

The‘five sucking measures used (mean IS|, mean pause length, mean burst
length, mean no. sucks/burst and mean % pausing time) were correlated with the
corresponding values of milk iﬁtake/suck using the Spearman rank-order cor-
relation test. Figures 5.18 - 5.22 show each measure plotted against intake/
suck,with the Correlatioh coefficients.

Mean IS| is positively correlated with intéke/suck, and mean pause length
and mean % pausing time are negatively cérre]ated with this measure.

~ Since the correlation between mean IS1 and flow rate was much the
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strongest, the relationship between these two measures was further analysed
for each baby individually. Values of mean IS| are plotted against the
corresponding milk intakes/suck for each baby in Figures 5.23 - 5.29, .The

gradients (m values) and the F values are given. The F value and its level

of significance give an indication of how closely the points approximate to

the regression line of mean IS on intake/suck.

The graphs Ffom the individual infants show even more clearly than the
pooled graph ﬁhe relétionship between sucking rates and milk intake/éuck;'
the pooled data lose some of their individual clarity since there'are
differences in the gradients of the regressions (which are given with each
graph) . These differences indicate variation among infants jh the partfcu]ar.
ISl corresponding to a particular value of intake/suck; although fhe pattern
is the same in each case and individual responses are consistent.
5.6. Discussion

The work presented in this chapter shows in some detail how the sucking
of a baby changes during a breast feed. Mean (within-burst) 1S| shows a
very significant decrease through the first half—feed, and pause length and
% pausing time a significant increése. This accords with the direction of the
change towards more time spent pausing on side 2 as compared with side 1,
i.e. with the progression of the feed, which was noted in Chapter 3. The
findings of Chapter 3 are extended in that a graded pattern of changes in
several sucking parameters on the first breast is shown. There is the
indication of mean 1S! varying inversely with pause length, i.e. periods of
slower sucking are interspersed with shorter paﬂses. This suggests that the
two covary as part of an overall change in sucking péttern, although this
need not imply that both are necessarily determined by the same factors.

it has been said that the baby spends Jess time sucking as a feed
progresses, on the breast (Peiper, 1961; Luther et al,vl974; Kaye, 1977) and

on the bottle (Dubignon and Campbell, ]969; Crook, 1977). However, no data
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has previously been presented to support this observation for natural breast
feeding. |

At the beginning of the second hal f-feed, sucking reverts to a pattern
similar to that seen at the beginning of feeding on the first breast, as
shown by the lack of a significant di fference between the sucking patterns
of episodes 1A and 2A. Both episodes have high milk flow rates but afe
separated by the ingestion of an average 6f 31.5% of the total milk taken
(see Figure 5.14). This finding provides no support for any effect of satiety
on sucking; but of course it is possible tnat this amount of milk does not
satiate the baby much.

The weight of milk ingested per suck changes through the -feed in
parallel with milk intake per unit time on the breast. |t decreases througn
both the first and the second half-feeds and is less, overail,'on side 2
than on side 1.

The study reveals a strong positive correiationbbetween meén milk intake/
suck and mean 1S1; and weaker, negative correlations with mean pause length.
and percentage pausing time. This does not support Kaye'svstatement that
there is typically no increase on breast or bottle in pause duration over
the course of a feed (Kaye,1977). Milk flow rate is corrélated with a general
shift in sucking pattern. High flow rates are associatéd with sucking
patterns similar to Wolff's nutritive mode with slow continuous sucking
(although with a proportion of pauses); and very low rates with sucking
patterns resembling the non-nutritive mode with its faster sucking rates
and more frequent pausing.

Further, what emerges is that the whole organization of sucking.(and
not simply the sucking rate, as demonstrated in Chapter 3) shows gradations
between the nutritive and non-nutritive modes’ described by WOiif and
others. Wolff's work was carried out onninfants feeding from bottles undér

two conditions: with and without milk. The more varied conditions of breast



105

feeding reveal that this may be an undérestimation of the repertoire of
infant sucking, which is here seen to vary widely in rate and proporfion of
time spent pausing.

In order to establish the direction of causality in these relafionships,
there is a need for experiments in which one factor is a true independent
variable. The next three experiments meet this requirement in various ways .
In other words, the hypothesis that milk flow rate affects sucking behaviour is
tested in a predictive way, It must not be forgotten that other, c]oéely-‘
related, factors also change through the course of a feed. These factors
have been discussed in Chapter 3; the same points are relevant'héfe in
attempting to account for the more detailed changes in sucking pattern as
were relevant in Chapter 3 in relation to the di fferences in sﬁcking between
sides 1 and 2. However, a full discussion of the relative_contributions of

the various factors is deferred unti] the discussion section of Chapter 7.
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CHAPTER 6

CHANGES IN SUCKING PATTERNS AS MILK PRODUCTION

IS RESTORED DURING RELACTATION -

6.1. Introduction

The previous experiment demonstrated a correlation between the amount

of milk ingested per suck and the pattern of sucking. Correlations do not

-in themselves indicate the direction of causality, but the evidence from

bottle feeding studies suggests that it is milk flow which determines
sucking patterns.

A chance to test this came adventitiously with a mother whose lactation
was completely suppressed pharmacologica}ly, and who then sought to re-
establish the ]éctétion by‘pdtting the baby to the breast, Sucking patterns
and milk yield were studied throughout the relactation,

The subject was a 24- year old woman who had successfully established

breast feeding following the induced birth of her first child. However,

-when the baby was nearly three weeks old, the mother suffered severe

puerperal psychosis and was compulsbrily admitted to a psychiatric ward.
She was treated with largactil (ch]orpromazine), to which she became
allergic, and then with melleril (thioridazine).

The mother kept the baby with her but was given bromocriptine
(2-bromo-oéergocriptine: 5mgs. b.d. for two weeks followed by 2.5 mgs.b.d.
for a further two weeks) to suppress lactétion, Thié‘drug is one of the
most effective agents available for suppressing both puerperal and eStablished
lactation (Brun del Re et al, 1973; Walker et al, 1975), Lack of sucking
stimulation is an important factor in the suppression of lactation (see
Chapter 1), but if bromocriptine is concurrently administered, it additionally
inhibits the production orirelease of prolactin and therefore further reduces
plasma pro{actin levels (Walker et al, 1975).

Nineteen days later, the mother was discharged from hospital as she
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TABLES 6.1 - 6.4

DETAILS OF THE SIX FEEDS

DURING THE PERIOD OF RELACTATION
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TABLE 6.1

MILK INTAKE DURING LACTATION

Day ‘Age of Weight of baby at Episode Weight gain,g Mean intake/

baby beginning of each suck
6 68 days 5.280 kg 1A 0 0
2A 0 0
11 - 73 days 5.350 kg 1A 0 0
. 2A 0 0
18 80 days 5.610 kg 1A 20 0.05
2A 20 0.05
27 89 days 5.790 kg 1A 30 0.08
2A - 22 0.07
34 96 days 5.840 kg 1A 45 0.11
27 40 0.11
39 . 101 days 5.870 kg 1A 30 0.08
. 2A 42 0.12
TABLE 6.2
SUCKING MEASURES DURING RELACTATION
Feed Episode Mean ISI Mean pause Mean burst Mean no. % pausing
' . (seconds) Tength length sucks/ time
Day (seconds) (seconds) burst
6 1A 0.56 4,57 h.73 9.4 48. 4
27 0.49 .26 2.8 6.7 57.0
11 1A 0.55 12.15 6.38 12.5 64.5
2A 0.51 7.23 4.53 9.9 60.7
18 1A 0.52 7.71 6.76 14,0 52.2
2A 0.52 7.75 5.70 12.0 56.8
27 1A 0.54 5.44 11.56 22.2 31.2
2A 0.55 6.88 5.66 11.2 51.2
34 1A 0.61 3.73 7.16 12.8 33.4
2A 0.59 4,97 11.50 20.6 28.8
39 1A 6.58 3.85 9.00 16.6 28.1
2A 0.60 3.44 14.09 2h 4 18.4
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TABLE 6.3

FAT LEVELS OF THE MILK DURING RELACTATION

Feed ' Creamatocrit Fat, g/100m] Meanvvalue
' Replicates
Day 27 | 6.7 4.2 4.3
6.9 4.3
2 15 10.0 10.1
L 10.1
1 6.4 L.o 4,2
6.8 4.3
2 10.6 6.9 6.9
10.7 6.9
3 11.2 7.3 7.3
11.3 7.3
Day 34 1 4.7 2.8 2.8
4.5 2.7
2 12.6 8. 8.4
13.1 8.
] 6.0 3.7 3.8
6.2 3.8
2 14.6 9.6 9.6
14.6 9.6
Day 39 1 5.2 3.2 3.1
5.0 3.0
2 14,1 9.3 9.3
14,1 9.3
1 10.0 6.4 6.3
’ 9.7 6'2
2 11.8 7.7 7.3
. 10.7 6.9

—
Hn

before feeding

after feeding Dotted line indiates end of sampling on first breast

Samples taken before baby put on breast and after
end of feeding, on each side.

Day 27: Extra sample taken towards end of feed because at the time this was
thought to be the end of the feed. Baby then protested and was
returned to breast. - '
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TABLE 6.4

CORRELATION BETWEEN MILKFYIELD AND SUCKING

PARAMETERS 1A + 2A DURING RELACTATION

Sucking paraméter . Ty p
Mean 151 o ' 0.813  N.s.
Mean pause length. v -0.679 NS
Mean burst length | 0.928 | p < 0.05
Mean no. sucks/burst _ 0.884 - | b < 0.05

% pausing time ' - =0.823 p <0.05
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had improved considerably. As she was anxious to ré—establish breast feeding,
twenty-four days later she began to put the baby to the breast for periods
Qf up to 30 minutes before each bottle feed. It was by now six weeks since
“the baby had last fed on the breast.
6.2. Method

- Mother and baby came to the nursery six times during the relactation
period. |If the‘day on which the baby resumed sucking on the breast is
designated Day 1, the observations were on Days 6, 11, 18, 27, 34 and 39.
All the viéits except the first, which was at 10 a.m., took place in the
.éarly afternoon, when a feed was due. (It was important to tesf-weigh
durfng'a compafable feed each time since the amount.of milk the baby obtains
varies according to the amount taken at the previous feed and the time
élapsed since that feed). The baby was weighed befofe being put to the
breast and at 5-6 minute intervals until she was tranéferred to the bottle
fd cbmplete.her feed; The sucking was recorded on videotape. The sucks
were'subsequently‘stored on computer disc as described in Chapter 3.

Durihg the last three sessions, 1-2 mil samples of breast milk were
manually expressed from each breast by the mother immediately before and
after nursing. These samples were analysed for percentage fat by the
”creamétocrit“ method (Lucas et al, 1978). This is a simple micromethod
~ for the estimation of fat in milk and involves centrifuging the milk held
“in a'cabil1ary tube in a haematocrit centrifuge. The length of the cream
layer is read from the capillary tube and éxpressed as a percentage of the
total length of the milk column i.e. the ”creamatécrit“. Lipid concentration,
expressed‘in g/100ml, is calculated with reference to a standard curve.
6.3, Results

The baby's'weight at the beginning of each session, the milk yields

and the flow rates during each feed are shown in Table 6.1. For each sucking
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episode on the breast mean |SI, mean pause length, mean burst léngth, mean
number of sucks/burst and % pausing time were calculated, and these data are
presented in Table 6.2. The creamqtocrit values for the percentage of

fat in the milk are given in Table 6.3.

Fighre»6.lfshows the progression during relactation of the milk yfeld
from each bfeast with its peréentage fat, and sucking parameters from the
combined episodés 1A and 2A of-each feed.(which‘ére the\periéds when the
baby obtains most of the milk (Smith'and Merritt, 1922) - an average of
80% during the last four feeds, in which the baby received milk).

Milk yneld lncreases steadily and seems to have reached a plateau

by the session on Day 34, By this time the baby was again entlrely breast

fed and, as can be seen from Table 6.1, was gaining weight. The percentages

of fat before and after feeding on each side show the expected increases

as the breast Is progressively emptied (Table 6.3). The valueé are at or

above the higher eﬁd 6f the normal.range (Hytten;.l954; Macy aﬁd Kéily, 1961),
Each sucking measure for 1A and 2A together was correlated with ﬁflk

yield using the Spearman rank4ordér correlation test, see Table 6.4. This

téble shows that mean burst length, no. sucks/burst and % pausang time change

significanfly'with increasing milk yield. In conjunction with Figure 6 1

it can be seen that mean ISI also changes as predncted, although this Just

fails to reach significance.
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6.4. Discussion
This case demonstrates, firstly, that it is possible to re=establish
breast feeding shortly after a course of bromocriptine, a proven suppressor
of tactation. This has not previously been recorded, The baby was first
put back to the breast six weeks after the change to bottle feeding and
the beginning of bromocriptine treatment. It therefore seems that no
substantial effect of the drug persisté over this length of time to
prevent milk synthesis, However, although the baby's milk intake during
each feed seemed to have reached a plateau by the fifth session, it is
probable that lactation was still not fully restored at the time of the
last session. (The study ended at this point because the family. moved
abroad) . 'This iS'suggestéd by the values of milk intake/suck, which do
not rise above 0.12g, compared with a maximum of 0.48¢ recordéd;in the
previous experiment (in a 6l-day old baby). Bearing in mind a possibly
'reduéed intake/suck as a result of the Iongef periods of'feeding between
weighings in this experiment, this suggests that the rate of flow of

mi 1k may perhaps not have been restored‘to quite the Ieveis one would find

in a normal lactation. The baby Qas, however, gaining wéight satisfactorily;
at the time of the last session her weight before feeding (allowing 2509

for her clothes and nappy) was Jjust above the 50th centile on the growth
standards of Tanner,‘Whitehouse and Tahaish (1966). Présumably therefore,
‘with sufficient periods of nursing and enough feeds in a day, she was
obtaining adequate nourishment.

It is not possible to make an exact comparison of yield with the
average values for uninterrupted lactations at similar times post-partum
(approximately 14 weeks) because the correct basis for comparison is
per 24 hours rather than per feed. Nor is it possible to compare these
yields with those recorded in the previous chapter since most of them

took place in the morning and the baby's milk jntake is known to vary
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through.the day. Most is takeﬁ early in the morning (Hytten, 1954),
which reflects fts.accumulation during the nighfiwhen the baby takes
less milk. The‘actual rate of secretion is effectjvely constant over the
24 hours (Gunther and Stanier, 1949). |
‘There is a high»propprtfbn of lipid in the milk of this mothef, ’-

especially in the hind milk of both the first and secoﬁd breasts. This may .

bbe_felated to the relatively Tow volume of milk taken during these (after-

noon) feeds.

As the reléctation progressed and milk yiéld increased,.the sucking.
changed. All measures except mean pause length and -mean S| are sighificantly
cbrrelated‘with milk yie]d»(Table 6.4). Figure 6.1 i1lustrates these changes
through the relactation. The changes are entifely cohsfsfeﬁt with the results
of the prevnous expernment and are in the direction whnch would be expected
if mllk avanlabllnty and/or composntnon determine sucktng rate,

The data from thns study can be usefully incorporated into Figpfe.5.18
to provide additional points at the lower end of the distribution. This
has been doﬁe in Figure 6.2.. It can be seen that the distribution forms a
true continuum throughout.the range of m{lk intakes/suck, with no thresholds

L . e
or doscontinuities,
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CHAPTER 7
ALAUELLA Y

A_FURTHER STUDY OF THE EFFECT OF MILK

AVAILABILITY ON SUCKING PATTERNS

7.1. Introduction

In the last chapter sucking patterns were shoWn to change as milk
uavailability increased during relactation. No other case of relactation
was ehcounteree. So in the experiment reported in thlS chapter the same
object was ‘achieved by comparing the baby s sucklng on full and empty
»breasts durlng established lactation.

7.2, ‘SubJects and procedure

As before, a group of mothers was contacted through National Chlldblrth  3
Trust classes or through a G.P.'s well -baby cllnlc (detalls in Table 7. ).

The feed was carrled out as follows

. At the first feed:

.(1) The'baby”emptied (or nearly emptied) one breaSt;

(2) The_baby‘was.eighgr’fed on the secono breast,ﬁgr.returhed to the ffrst'
.breast. | |

At_the second feed:

As for'the first feed; but with the other:option‘fol]owed for (2).
The order was counterbalanced across the eaght mothers, as detailed
,in Table 7.2. The lmportant feature of this design is that the baby is
_equally hungry before belng tested on the full and the empty breast.
| The elght mothers and their infants were assngned, two to each of the
four groups in Table 7.2. The mothers were asked in advance to arrange
feedlng such that they wou]d want to nurse first on the appropriate

snde at that visit.
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TABLE 7.1
. - Parity of Age of baby in days
Subjects mother at times of’;essfons
Ms F. and Lorna ] 83,‘8h
Ms M. and Stephanie 2 82, 89
Ms R. and David . 2 67, 73
Ms R. and Steven: - 2 110,116
Ms S. and Catherine e 56, 60
Ms S. and Mathew 2 58, 71
Ms W. and Mark 1 64, 71
Ms W. and Rebecca 2 b, 59
TABLE 7.2

Feed’  , Ist part an.gaft v
(1) Ist ' L back on to L

2nd | L TR
) R P L ' R

2nd ok back on to L
(3) Ist R back on to R

2nd R L
(4) st R L

2nd R back on. to R

L = left side
R = right side

Mother: and baby were brought to the nursery on two days, at similar
times of the day, when a feed was nearly due; and the visits were as near
together as possible (see Table.7.l) to keép as constant as possible the
many factors which can influence breast feeding. The baby was weighed to‘
the nearestIIOQ on a modified top-loading balance immediately before going
on the breast and again at approximately 3 minute interals throughout the
feed. The baby's sucking was recorded on videotape.

The mother was asked to identify the point at which she was about to
change the baby over to the other breast. The criteria were those of mother
and baby and no attemptbwas made to influencevﬁhe decfsion.

One feed was as normal, the mother transferfihg the baby from one
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breast to the other in the usual way, after weighing. At the changeover
point in the other feed, she was asked to postponé putting the baby to the
other breast and instead to put him back on to the'first breast, after
weighing, for a further three minutes. Only then, after a further weighing,
was he put to the second breast and from then on the:éxperimental feed did
not differ from the control.

7.3. Results

The résults were analysed in a similar way to those of the previous
experiment. For each 3=minute peribd the sucking;Waé'transferred froh video-
tape to computer and stored on disc together With rélevant details of each
period. The 3-minute feeding episode when the baby was put back oh to the
emptied breast was designated IF (for Final); on the full breast it is |
called 2A as usual. A

The mean of the values of milk intake/suck wéS calculated for all 1IF
and all 2A periods, as was the mean of the mean valuég of 151, pause ]ength,
burst length, mean number of sucks/burst and % pausiﬁg time for these two
periods. |

For each baby, the values of mean milk intake/suck were plotted‘against
the corresponding mean 1S1's for episodes IF and 2A (Fngre 7.1). This
illustrates that the pattern for each baby is the same and that it accords
with the results reported in Chapters 5 and 6; low intakes of milk/suck_
are always associated with short ISl's i.e. fast sucking rates, .and high
intakes with slower sucking rates. Complete emptyihg of the first bfeast
was not essential, and intakes/suck vary from 0 - Ooi]g for epi;ode IF; for
episode 2A, they vary from 0.09 to 0.35qg.

A related-measures t-test was carried out on all the sucking measures
between episodes 1F and 2A from the two feeds of each baby, and the results

are presented with the‘corresponding hiétograms; in Figures 7.2 - 7.7.
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MiTk intake/suck is significantly diffefent between the two
episodes. Of the sucking parameters, mean IS! and méan % pausing time are
significantly_different but the other measures are not, although they change
in the direction which might be expected on the basis of the work of the '
previous chapters. The variance is very great, which probably accounts for
the lack of significance in measurés other than mean 1S| and meah%.' |
pausing time. -
7.4. Discussion

The results of this experiment demonstrate that when the availability
and hence the flow rate of the milk presented to a breast feeding baby varies,
mean 1S| and mean % pausing time differ even though tﬁe baby is satiated
(and fatigued) to a comparable degree. Mean pause‘iength, which was shown
in Chapter 5 to correlate with flow rate, does not §ighificantly change,
which may indicate that this parameter depends more upon the state of the
baby than on the rate at which he is receiving milk.'.

Thus milk availability has a consistent and predictable effect upon
sucking which is independent of the hunger state énd.fatigue of the baby.
The changes are consistent with the results of the previous experiments.
Combining the findings, therefore, we see that IS| is.increased, % pausing
time is decreased, and mean burst length and no. sucks/burst are increased
with higher milk flow. So sucking varies with the availability of the milk.
even when the baby's state is constant. The éuckinj'parameters probably
differ in the extent to which they are influenced by the two types of
factor, as was noted in Chapter 5 and in this chapter,where.by far the most
reliable and consistent correlations with milk flowbis shown by mean ISI,

This greater correlation of milk flow rate.with sucking rate than with
other aspects of the organization of sucking, which may collectively be termed
the probability of the baby sucking at any one time, is interesting in that

it echoes Crook's study where within-burst sucking rate was determined
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exclusively by another property of the fluid the baby réceived, namely its
sweetness (Crook, 1977). The other -parameters of suckihg, sbch as burst
length, were found by him to be more influenced by factors relating to

the progression of the feed, i.e. state changes, satfatfon and fatigue.
This too was the conclusion reached by Dubignon and Campbell (1969), and
by Hillman and Bruner (1972), again with bottle fed babies.

This seems logical since intra-oral variables are among the most potent
in influencing sucking rate (see Chapter 2).. Given this, one should perhaps
look first to intra~oral variables in an attempt to account for the changes
in sucking rate during breast feeding. Parameters relating to the prob-
ability of sucking during a breast feed show a somewhat weaker'correlatjon or
no correlation with milk flow. This again illustrates the fact that
sucking rate and the burst/pause pattern do not necessarily always covary
during breast feeding, which Hillman and Bruner (1972) demonstrated for bottle

feeding (see section 2.7).

We can now recapitulate the findings of the experiﬁantal work so far: and
attempt to build up a composite picture, before going on to discuss possible
explanations for the findings.

(1) Virtually continuous nutritive sucking is very rarely seen during breast
feeding. For example, out of the total number of 228 episodes observed during
the breast feeds of Chapter 3 (each episode being up to 5 minutes in length,
with several to a feed), only 3 had a % sucking time of 100%. This may

partly be due to the nature of the milk. Johnson and Salisbury (1975)

noted more pauses with breast milk than with bdttlavmilk when it was given

to the infants through the same apparatus.

In addition, the data do not provide any avidence for the critical
threshold of milk flow postulated by Kaye (1972)?vabove which he suggests

the burst/pause pattern disappears. They support his later confention that
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all sucking is fundamentally organised in a burst/péuse pattern (Kaye, 1977).
(2) No discontinuities between sucking rates, of the kind which might be
expected from the nutritive/non-nutritive distinction, were found, even at
the fine level of analysis possible with film. Thege‘two now appear rather
as the extremes of a continuum. It follows that there may be just one central
oscillatory mechanism which sets the pace of sucking, responsive to external

cues which vary the rate.

- (3) Sucking patterns change with changes in miik availability and composition.A

The changes seen through the course of the first half ~feed are an increase
in sucking rate combined with a decreased probabiilty that the infant is
sucking at any one time. There is a definite, predictabie gradation in the
parameters, suggesting the influence of a factor or factors which must also
change in this orderly way. These gradations are an intriguing feature of
sucking in human infants and are another illustration of its considerable
plasticity.

(4) Milk ihtake/suck decreases from the beginning tb the end of the feed,
This measure correlates highly with sucking rate, and to a lesser extent with
pause length and % pausing time. Variation in milk intake/suck is associated
with predictable and consistent changes In ISl and % pausing time during the
natural course of a feed; when the béby's‘hunger’state is controlled the same
correlation is found. This suggests that milk flow rate determines sucking
rate in a very precise way, and, to a lesser extent, determines the
probability of sucking.

This is'the obvious explanation. On the breast, hoWever, milk flow i;
confounded with milk composition. In most circumstances in which flow is
high, the fat content is lower. Any effect of this change of milk
composition has not yet been examined,'though Chan,‘Pollitt and Leibel
(1979, discussed in Chapter 2) did not find differences in intake in response

to artificial milks of differing lipid levels.
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Given the lack of data on the possible éffecté of milk with different
lipid contehts on sucking patterns, it is impossible to assess the
extent of any‘suchveffect. |

In any case, there would appear to be a number of pieces of evidence
which suggest that flow rate is the stfonger confender for the major
influence on sucking behéviour. Previous, wellfknown, effects on sucking
patterns durjng bottle feeding are based on milk volume. For example, the
nutritive/non-nutritive distinction is itself based upon differing flow rates,
i.e. zero/brisk flow of milk,

Although there may be considerable differences between breast and'bottle
feeding, the work of Crook (1976) and Bu}ke (1977) on bottle fed infants
demonstrates a similar effect of increased fluid volume/suck on sucking rate
and on mean pause time,:aiéeff the volﬁmes used are very small and the fluid
is sucrose solution not milk., In addition, there is the interesting |
finding of Hillman and Bruner (1972) that as deli?eryfof a fixed amount of
mflk was made less frequent, sucking bursts became shorter and pauses longer,
(During breast.feeding, milk flow may become intermittent towards the end
of feeding on each side).

I't therefore seems likely that milk flow rate is the predominant
influence on sucking patterns (especially on within-burst sucking rate)
during breast feeding. |

During bottle feeding, monitoring of fluid volume appears not to occur
at each suck since a given quantity of fluid delivgred with every 3rd, 5th

or 10th suck produces a similar rate to that resulting from delivery of

that quantity of fluid with every suck (Hillman and Bruner, 1972). In

other words, sucking rate is periodically "triggered" for the next few

sucks. It is not known whether a similar effect operates during breast

feeding.
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If milk flow does influence sucking rate during breast feeding, explan-
ations of how this occurs must be sought. An explahation has been proposed
with reference to bottle feeding, and requires examination in order to see
whether it can shed light upon the changes seen during breast feeding.

Sucking and swallowing are necessarily closely linked, and there have
been several suggestions that swallowing exerts an_?nfluence upon infant
sucking rates (Peiper, 1963, p.445-7; Dubignon and Campbell, 1969; Wolff,
1972, 1973). Burke (1977) has made a detailed examination of swallowing
rate in relation to sucking rate. His infants received fixed quantities of
5% sucrose solution per criterion suck and swal]owing was detected with
a piezo-electric crystal wafer positioned>over the thyroid cartilage.

~ The ratios of sucks to swallows were as follows:

vol./suck, ml 0 0.01 0.02 0.04

sucks/swallow 10.8 2.7 2.6 1.9

When the ISI's were divided into those associated with, that is,
immediately following, a swallow and those not assocféted with a swailow,
the former were found on average to be approximately 0.20 seconds Ionger
than the latter.

Burke interprets his results as showing that the number of swallows
accompanying sucking is a major determinant of the lengthening of ISI| with
increased flow rate that he and Crook (1976) have demonstrated with bottle
feeding. Burke maintains that changes from non-nutritive sucking rate to
the slower rates seen when liquid is introduced can be accounted for by
increased swallowing combined wfth an increase in the amplitude of sucking
(i.e. of anterior tongue pressure) resulting from_tﬁe introduction of
fluid. The latter finding is attributed to Nowlis (1973) and Nowlis and
Kessen (1976). However, these authors demonstrate only an increase in the

amplitude of anterior tongue pressure as a result of increasing the concentration
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v?;of the sugar solution glven, and do not present equuvalent measures for no-

flund 5uck|ng. In addltlon, Burke s suggestion assumes that an increased

iamplltude ot anterlor tongue pressure directly increases ISI, but this need
“_snot neces ar ly be’ the ‘case sunce the speed of the response cou]d ]lkeWIse

f.|ncrease neutralns;ng any tendency to 1ncreased ISI,

There e several diSSimiJarities between Burke's work and that presented:

K %
- hereys jork is entlrely on bottle feeding, using sucrose solutlonf

Comparable studles of swal]ownng durnng breast feeding have not been

| t cannot be assumed that what applles to one automatlcally
;gabplles a o .to the other. The quantltles of fluid. received by Burke's
7%|nfants ar‘ 11 at one extreme of the range seen during breast feedlng.
as;nce‘quan: y is critical its ro]e needs detalled examlnatlon.‘

i %Véurke gave his infants'quantities of fluid varying from 0.01 to 0.04
dbmf/suokéfw_ eas during breast feeding infants have been observed to receive
';trom'qitd%_ 8g/suck . (Chapter 5). It is possible that influences which
i t low flow rates are usurped®by others at much‘higher flows.
the changes in I$]'s.gg£ associated with swallowing noted by
Burkedare3i he same direction as the changes in overall ISl, which he

attrlbutes solely to an increase ln swallowung. Atthough the former changes

are small an do not reach slgnlflcance at Tow flow rates, it is possible that-
thls lesser effect continues to operate as flow rates increase to the higher .

levels commo Yy seen durlng breast feeding, and that it may even beconie the

maJor lnfluence on-sucking rate whilst the effect of the number of swallows

reaches aic ing. Th|s-content|on is supported by the fact that the minimum

"‘~number of sucks per swallow observedvby Burke is 1.9, and in a linear

,;extrapolatlon of the llne drawn from the above data tn graphlcal form the
max imum ratlo of l suck/swallow in-a burst of sucklng is reached even before
0.1 ml/suck~‘ ThlS does not account for the contnnued increase in ISI seen

far beyond this p0|nt durlng brear reedlngf
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There appears to be a difference between breast and bottle feeding when
the amount of fluid obtained with each suck approa;hes zero, as in Burke's
experiments. For example, Burke notes a qonsiderable difference in the mean
IST with no fluid and 0.02 ml/suck, 0.68 and 0.81 sec respectively.

On the other hand, with breast feeding there is no such large difference,
or jump, at this point; a more gradual decline in mean IS1 is apparent through-
out the range of flow rates and the line cuts the axis whefe one might at
first sight expect, as can be seen from the cumulative graph of milk intake/
suck against mean ISI, Figure 6.2,

‘These are interesting differences betweeen breast and bottle feeding
which cast serious doubt upon the possibility of explaining fhe results
reported here along the lines proposed by Burke.

Another explanation of how fluid volume could affect sucking rate is
that the more milk there is in the teat formed from the nipple and areola,
the longer it takes for the tongue to "strip'" or 'milk' the teat as it
moves backwards in the mouth during a suck. This explanation is attractive
in that it removes the need to postulate a precise volume=-monitoring mechanism
in, for example, the back of the oral cavity. It would not necessarily apply
to bottle feeding, nor would it necessarily be innate. The baby could learn
to maximise milk intake in this way, as hefcan leafn to modify his sucking
rate so as to hear more of a novel sound stimulus (Eimas, 1975), or to bring
a motion picture into focus (Kalnins and Bruner, 1973). This instrumental
use of sucking is impressive and implies a level of higher CNS involvement.

It must be remembered that sucking is one of the most competent and well=-
developed activities of the young infant and one of his earliest boints of

contact with the outside world.
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One should be carefuf always to view any aspect of an infant's
behaviour in the context of his overall development and his interactions with
other people, bearing in mind the social basis for cognitive development,
language écquisition, etc.,, and assuming that mos t physical or behavioural
features which arise in the course of evolution do not do so without having
adaptive value. The importance of not isolating a particular behaviour from
its social context and implications applies especialiy to suéh a central
feature of the infant's behavioural repertoiré as sucking, this being one of
the activities,if not the activity, at which the young infant is most
competent.

A convenient way of looking at the situation is to see no-fluid or
non-nutritive sucking as the'“ground-state“ or basic 6rganization of sucking
in human infants, since progressive changés in intra~oral variables modify
itbto produce a range of '!nutritive' rhythms. Thfs.pattern of sucking, there-
fore, whilst very stable in its (centrally determined) organization, becomes
malleable and flexible once fluid is present, and a whole variety of sucking
rates, arrangemenfs of bursts and pauses, and degress of positive and
negative pressure exerted can then be elicited. This is in apparent contrast
to othef mammals, where sucking patterns in response to fluid»ahd no-fluid

conditions cannot be distinguished (see Chapter 2). This single pattern

(which resembles human sucking when fluid is flowing fairly briskly) is their

basic or ''ground-state'' pattern. It can be said that for.other species, the
no=fluid pattern is not modified by the introduction of fluid. The

original question in the literature, of why human infants should have two
distinct sucking pattefns whereas other mammals appear to have only one,

has now become that of why human sucking has so mahy sucking patterns i.e.
why their sucking behaviour is so malleable.

Looking at it from another angle, humans share a common sucking pattern
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Qith other species at mbderate to high milk flows. When the milk supply
is cut off, either the infants: (a) continue wifh the same sucking pattern;
(b). show a completely disrupted sucking pattern; or (c) come off the teat.
Only human infants continue to suék with a modified, but stable,pattern. Graded
sucking patterns therefore appear as an adaptation to low or very low milk
flows. This could have evolved to enable the baby to suck for lengthy periods
without receiving milk, which could suggest another (non-nutritibnal) function
of sucking, possibly that of social intergction as expounded by Kaye (1977).

The nature of a typical feed implicit in this thesis fs, it must be

remembefed, a typical feed in the contemporary West, which naturally has its
own particular customs. Blurton Jones (1972) provides a variety of Iinesvof
evidence which tend to suggest that this is tYpical neither from a
geographiéal nor a historical viewpoint, but rather that more characteristic

of our species is the pattern whereby mothers customarily carry their infants

~or keep them close by for much of the time. The babies are fed frequently,

perhaps more than once an hoUr, during daytime. Under these circumstances,
which probably prevailed during the period of the evolution of the sucking
behaviour under consideration and which mgst therefore by considered in
any attempt to explain them,the milk in the breasts would rarely build up
to the quantities_common today and the infants would therefore suck mostly
with fairly low rates of milk flow or even without receiving milk., This again
points to the organisation of human sucking having evolved as an adap-
tation to sucking whilst receiving little milk, |

Blurton Jones also suggests that the uniqueneés of human no-fluid sucking

results from the supposed difficulty of retaining the relatively short

- human nipple in the mouth, possibly related to the unusual shape of the

human breast (see Chapter 2). In this case, one would imagine that a much
simpler solution would have been for human mothers to evolve longer nipples,

comparable to certain other primates.
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However, there is a possible connection here with the explanation of
differing sucking rates which relates to the "milking'’ of the teat
during breast feeding. The "milking' mechanism could lead to variable inter-
suck intervals in humans but not in other infants as a result of the necessity
of actively maintaining the shape of the teat, created from the nipple and
areola in humans. |In this case, variable sucking rates would be seen as
a side-effect or a by=product of another development, and there.would be

‘no need to ask 'why did they evolve?'
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CHAPTER 8

SUCKING IN RESPONSE TO DIFFERING MILK FLOW RATES

DURING BOTTLE FEEDING

8.1. lntfoduction

In the previous experiments changes in sucking rates associated with
differing rates of milk flow during breast feeding were described. Sucking
parameters are correlated with milk flow rate and are significantly different
with differing milk flow rates at comparable stages in the feed. They change
in the predicted direction as milk yield increases during relactation. The
correlationsbetween milk flow and sucking patterns are strong, and it seems
likely that the milk determines the sucking rather than the other way round.

The experiment reported in this chapter was carried out in order to
see whether milk flow indeed determines sucking during bottle feeding, and
whether the associations referred to above occur over a broad range of
flow rates comparable to those commpn]y seen during breast feeding. In-
dications that sucking is determined by flow rate at_low rates of flow (0.01 -
0.04 mi/suck) come from Kaye (1972), Crook (1976) and Burke (1977).

Bottle feeding with suitably modi fied apparatus gfveé the experimenter
the advantage of precise control over the quantity of milk the baby receives
with each suck. It also ensures that the baby receives milk of a constant
composition throughout the feed. This is important since a major confounding
factor in the study of the effect of changing milk flow rate during breast
feeding is the inevitable concurrent change in milk composition.

8.2. Apparatus

Methods of directly recording sucking while the infant receives fluid
through a teat have been described in Chapter 2. The method used in this
experiment is based on that developed by Kron, Stein and Goddard (1963) and
Sameroff (1965). As the baby sucks on the modified teat, the positive

(expression) pressure caused by the squeezing of the nipple and the negative
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(suction) pressure are transmitted by fine polyethylene tubes to pressure
transducers. The resulting'signals are used to trigger fluid delivery into
the baby's mouth and can be charted by a polygraph or, as ih this case,
recorded on an FM direct tape-recorder. The apparafus is represented in
diagrammatic form in Figure 8.1.

The teats used were Boots rubber teats. The existing hole was
enlarged and another one made, and through these were passed the milk
delivery tube and the hegative pressure tube, both made of rubber, internal
diameter lmm, cut flush with the surface of the tip of the teat. A new
teat and tubes were used for each session, sterilized by immersion in Milton's
solution for the preceding 24 hours. A third tubé, made of polyethylene,
internal diameter 1.5mm, was attached to the sealing disc of the collar
of the feeding bottle and positive pressure applied to the nipple was
transmitted through it. i

The positive and the negative tubes were connected to pressure transducers

(National Semiconductor fluid- f:]led transducer, mode] LXI601GF, pressure

range -5 to +5 1b/sq in, for which it gives a range of output of 10 volts)
which converted changes in pressure as a result of the baby's sucking into
simplified analogbelectrical signals. Only the negative signal was used to
activate a Schmidt trigger, which caused a peristaltic metering pump
(Watson=Marlow, MHRE/200) to operate for 0.50 seconds; the speed of
revolution of its rotor determines the amount of fluid the baby receives.
The pump was triggered each time a signal was received so the baby received
a fixed quantity of liquid each time he sucked. A digital signal of length
265msec was transmitted by the Schmidt trigger to a channel of the 4-channel
FM tape recorder (Ampex SP300), so the sucking record compfises all those
sucks as a result of which the baby received fluid.

The milk used was SMA Gold Cap ready-prepared formula in 100g bottles;

composition per 100ml: fat, 3.6g; protein, 1.5g; lactose, 7.2g; energy content



FM

Tape recorder

Schmidt
Trigger

Figure 8.1,

Pressure

Transducer

139

+ve-
‘ — {1\/“’\

-ve

i i, . . i

. \c u

Bottle feeding apparatus

Peristaltic




140

65 K cals/100m1. Immediately before the feed, the 1id of the milk bottle
was replaced by a sterilized lid from another similar bottle through which a
rubber ring had been inserted. A glass tube passed through the ring to
connect the milk supply to the tubing of the peristaltic pump. This silicone
rubber tubing'Had especially thick elastic walls, internal diameter 1.6mm,
external diameter 4.8mm, to withstand the pressure of the pump . Tﬁe mitk
was driven by the revolving rotor of the pmp, reaching the feeding bottle
via fine rubber tubing which passed through the heater in the bottle and
opened out at the tip of the teat.

The heater was a thick alunminium sheath surrounding a heating element
connected to a Variac transformer. The vol tage waé adjusted such that the
temperature of the milk reaching the baby was as close as possible to blood
heat (36°C), the approximate temperature at whi ch milk is normally given to
infants. There might be some variation in the temperature of the milk reaching
the baby's mouth as the rate of milk flow is changed, but Hytten (1951) and
Elder (1970) have shown that even quite large variations in milk temperature,
for example between 20° and MOOC, have no significant effect on sucking
behaviour.

8.3. Subjects

Mothers and their bottle fed infants were contacted through a G.P.'s
well-baby clinic. Provided the mothers were amenable, the babies were then
chosen on the basis that they were healthy and already being fed on SMA
Gold Cap formula, since the G.P. advised against changing the baby's milk
unnecessarily. Another advantage of giving the same milk, albeit un-
avoidably prepared in a different way, is to minimize the baby's need to
adjust to a new taste, which could temporarily disrupt his sucking behaviour.
Six babies were selected on this basis.

8.4. Procedure

Mother and baby were brought to the nursery soon before the time of an
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expected feed, and the procedure was explained to the mother. Each
baby sucked for 23 minutes at each of the three flow rates, and they
were assigned to one of six groups in which the order of the flow rates
was varied systematically to give all possible orders. Details of babies
and treatments are given in Table 8.1.

The three flow rates given were 0.08, 0.16 and 0.24 ml/suck. .These
quantities were chosen on the basis of data reported in Chapter 5. They
are within the normal range of values obtained during feeding on the
breast, where significant differences in sucking measures are associated
with them. Although the intake of milk per suck during breast'feeding
was estimated by its weight and is hére measured by volume, thi§ 

is not likely to lead to discrepancies (see Section 5.1).

TABLE 8.1
Subjects Parity of Age of baby in Trials
mother days at time of (order of flow
session rates)
] 2 3
Ms D. and Louise 1 99 0.08 0.16 0.24
Ms T. and Jonathan 2 138 0.08 0.24 0.16
Ms C. and Anthony 2 66 0.16 0.08 0.24
Ms F. and Catherine 2 61 0.16  0.24 0.08
Ms W. and Suzanne ] 55 0.24  0.08 0.16
Ms €. and Alastair 1 51 0.24 0.16 0.08

The bulk of the equipment was hidden behind a screen, through which
passed connecting tubes to the bottle. The modified bottle was in every
case acceptable to the mother; its weight is similar to that of a full
bottle of milk formula.

The infants were fed as soon as they appeared hungry to the mothe}.
Immediately the bottle was put in the baby's mouth the trigger level was
zeroed before the trials began.

The baby's going on and off the bottle was signalled verbally uéiﬁg

another channel of the FM tape recorder. This was also used for recording
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details of the trial about to take place for subsequent identification of

the blocks of signals on the tape. After the experimental period the infants

- either completed their feed with milk from the apparaths or fed from a

ready-preparéd bottle the mother had brought with her.

8.5. Analysis and results

The data were first transferred from zhe FM tape'recorder to computer
disc by means of a programme which received as its input the signéls from
the FM tape‘and stored and printed out the ISl's in centiseconds. As the
tape:was plaYed, the verbal record of the times at which the baby Went
on aﬁd off the bott]e were used to press a key to fhdicate these events.

A log survivor plot was drawn up from the collective data (Figure 8.2)."
The survivor function is broadly similar in shape to that obtained from
bébieé'feeding on the breast. There are two distributions represented by
straight lines, one extending from approximately 0.5 to 1.1 seconds, thé
other made up of longer intervals. The point of intersection between the
two distributions was determined in tHe manner described in Chapter.3,
using the method of least squares. The two distribut}ons cross at point
(x, y) therefore by simuitanebuslyssolving the two equations y] = m, *l + ci
and Y, = m,X, +c, both for x ony and y on x, two values for this point |
are obtained:

(1) 1 céntiseconds

(2) 137 centiseconds

Mean = 139 centiseconds = 1.4 seconds

The distribution§ of inter=-suck interyals and of pauses' shown by infants'
feeding on this apparatus show a similar pattern to that seen on the breast,
however the cut-off point betWeen'them is‘diéplaced by 0.1 seconds.

Figures 8.3 ~ 8.7 give, for the three flow rates, the mean values of
ISt, pause length, burst length, no. sucks/burst an& % pausing time,

calculated using the approprfate cut-off point of 1.4 seconds,
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The sucking patterns were compared with analysis of variance. No
significant differences were found between the three flow rates in any
case (see figures).
8.6. Discussion

Theré are no significant differences in mean 1S}, pause length, burst
length, no. sucks/ burst or % pausing time between the three conditions
in this experiment. The correlation found during breast feeding between
sucking meésures and the rate of milk intake was not therefore found in
bottle feeding. Possible explanations for this are:
(1) The inference from the data gathered so far, mainly from breast
feeding, may be wrong, and milk flow rate not in fact the main determihant
of sucking pattern. With reference to the discussion in Chapter 7 of the
factors which could influence sucking pattern, the other most lfkely agent
is milk composition. Since the composition of milk received by fhe baby
in this experiment was the same throughout.each session one would not expect
sucking patterns to change either if milk composition determines sucking.
(2) The method by which flow rate changes sucking patterns may not be
stimulated properly in this bottle feeding experiment. This might be the
case if, for example, the mechanism of such an effect involves the
"stripping'' or "milking" of the teat from the base to theAtip by the tongue,
an action which takes longer, the more milk is held in the teat (see
section 7.4),

Ft is very difficult to say which of these explanations is the more
probable. | am inclined towards the secona, but clearly proper investigation

of this point is needed.
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CHAPTER 9

SUMMARY AND CONCLUS10NS

A picture emerges as a result of the experimental work presented in‘this
thesis of sucking patterns during 6atura] bréast feeding and of the way in which  _
they change through.the course of a feed.

| During sdcking, intervals betweeﬁ‘sucks'Fall fnto twé distinct.
distributions, of short within-Burst inter-suck interva]s and longer pauses
between bouts of sucking. This is the first clear demonstration of two
populations of inter-suck intervals, and the cut-off point (at 1.3 seconds)
provides an obJectlve statlstlcal criterion for dlstlngulshlng between them

During breast feedlng, sucklng var;es considerably in rate and in the
proportion of time spent péusing. Pausing is always a feature of sucking on
the breast. The division‘of sucking into two ques,_the nutritive (slow
sucking wfth little pausing) and the non;nutrftive (fast sucking with.frequent,

pausing) is not upheld; these are, rather, the extremes of a contlnuum It

‘is likely that much of the earller work looked snmply at the two extremes, i.e.

at the no-fluid condition and at relatively fast fluid flows,

On the first'breasf the baby'é sucking rate first shows a pronounced
decrease, perhaps as milk'availability'attains’its maximum as a result of milk
ejectfon. Subsequently, as avaifability declines, the sucking rate increases
and the baby spends more time pausing. On the second breast, as compared
with the fifst, more time is spent pausing and the mean sucking rate is faster
(i.e. mean 15| decreases). Various possible éxp]anations for these gradations
in sucking parameters during.a feed are examined.

MiTk intake/suck decreases through the feédﬁ It is correlated with
suck?ng rate, and as the milk taken with each suck decreases, so alsé does

thebprobability that the infant will be sucking at that time.
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The possibility was investigated of assessing the occurrence of milk
ejection during breast feeding in a non-intrusive way by observing the baby's

sucking rate as milk became available.

‘> Aithough ; highiy significant decrease ln.mean ISI was found berween the
first and. the second 30-second perlods of a breast feed whtch is most probabiy
a resuit of the sudden flow of milk due to miik eJection, the change in ISl
is not sufficiently sharpiy defined to pin-point the precise moment of milk
eJection For this, a devtce such as that of Friedman (1966), whvch records
intra-mammary pressure via a water-filled ‘adaptor heid over the nipple by a-
sQCtion cup, remains essential. However, the estimation of sucking rate
over perrods of half "to one minufe wouio appear to provnde a good |nc1ation
of whether or not milk eJectlon has occurred. This may be more so for older
than for younger infants, since in the older ones‘rhere is presumabiy e |
far greater contrast between milk flow before and after miik ejection as;rhe
volumes of milk involved arevgreater.

Sucking patterns in response to differing flow rates comparable to'those
commonly seen during breast feeding were examined using modified bottle feed-
ing equipment., No consistent.pattern emerged with the three flow rates used.
This is the first study of sucking on a bottle with recorded high flow rates.
It is difficult to reconcile the results with data obtained from breast
feeding without suggesting that the mechanisms operating in breast and bottle
feeding are different in some respects and cannot properly be compared. For
examole,bif on the breast mean 1Sl varies-as-a result of the greater time taken
by the tongue to ''strip" the teat when it is full of milk, there-is no reason
why this should also occur during bottle feeding.

On the other hand, there is a real possiblity that composition, not

milk flow rate, determines sucking patterns. The bottle feeding experiment
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needs to be repeated with larger numbers of infants and then with milks
with varying proportions of fat. It must however be récalled that Chan,
Pollitt and Leibel (1979), in studies of this kind anolvihg much smaller
quantities‘of flgid,found no such effect .in bottle fed babies (see Section
2.9 for comments on this study).

- The work of this thesis has used a non~intrusive and objective method

~of studying'infant sucking on‘the breast to develop senSitive and reliable

measures of cha.acterlstng sucking behavnour in order to provnde descriptive
data on normal breast feedtng Rel»able, naturalvstlc studnes of this kind
are badly needed in order to put into context and proper focus the large
body of work_oh infant sucking which rélates large]y to bottle feeding

The baby's suckung behaviour must be related to the mother's lactation because

in many ways breast and bottle feednng are not comparable activities. For

example, rubber teats and human nipples are very different and the changes in

the nipple during nursing cannot be simulated; neither can the mechanism of

milk ejection. The texture, composition and taste of breast milk varies

. through a feed and other stimuli, for example tactile stimuli, are more varied

in breast feeding. This thesis goes some of the way towards c]arifying ths.
relationship betweén‘the bodies of knowledge on breast and bottle feeding, but
much fufther work is needed.

Regrettably it was not possible single-handed to include simultaneous
observations of the mother's behaviour, although it is acknowledged that
it may have an influence on the baby's sucking_pattern. Specifically, it
could influence the proportion of time spent sucking and pausnng since
mothers often respond to a pause in sucking (Kay, 1977). The primary ob—
jective here was to describe the infant's sucking during breast feeding.
Future studies would do well to incorporate observatjons of the mother's

behaviour,
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" Again, given this overall aim of the study,'it Qas not pdSsib]e either

to chart any developmental chandes'in sucking, especially since at times there
was a serious shortage of subjects., There was nevsub-grouping or screening
of infants according to age any mofe precisely than that the lactation was
.establlshed and that the 1nfants were recelvung ‘all or most of thelr food in
this way. The infants were malnly 1-3 months old (serving InCIdentally
perhaps to redeem the balance in the llterature, Wthh refers maunly to
newborns). A developmental study along the lines glven below would be a prloruty
Fer.Future work.

There are already some indications as to the type of -changes which might
be found. Wright, Fawcett and Crow (1980), in a developmental study of the
differences in the feeding behaviour ef breast.and.bottle-Fed infénts, give
data sEowing>an increase in.within-bursf sucking rate from 1 week to 1 month to
2 months of age, both at the beginning and at the end‘of a breasf feed. The
biggest differences are seen between I’Qeek'ahd 1 month;_With ]ittle difference
between‘] and 2 months, suggesting‘that the rate increases during the first
few weeks but thereafter (during the period studied in this thesis)_
etabilises.

in a paper by Drewett and Woolridge (1979) the modal ISl for a complete
feed in 5-8 day old babies is 0.7 - 0. 8 seconds, in contrast to my corresponding
figure of 0.5 - 0.6 seconds. However, exact comparison is not possible because
the milk flow rates are not described and the feeds are much shorter than those
in the present stddy. The shorter mean ISl in this thesis might wel) therefore
reflect a longer period of (faster) eucking seen with low flow rates. It is of
interest that these aufhors give a cut-off poinf of l.3»seconds‘between intervals
representing within-burst sucklng and pausnng, Whlch is the same as that found
in this study This, therefore, may not depend upon the age of the baby.

These two papers are in accord with Wo]ff s f|nd|ngs with bottle feeding

infants (1968, a,b). He describes sucking rate increasing with age, from a
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hean ISI of 1.0 seconds at 4 days to 0.7 seconds at 3 months for his nutritive
condition, and.from 0.48 to 0.4 seconds over the same period for his non-nut-
ritive condition, |
It would seem therefore that a broad trend showing sucking rates increasing
with age, particu1arly:dUrihg the first few weeks; hasdemergeddsince'theework.‘
~of this thesis was done.v The developmebtai shifts in.these perticular
measures are.not great, and could reflect inpart differences in milk flow
rates during the course of a lacration and the known cHanges in the composition
ef breast milk. Detailing their minute changes is therefore fe]t_to be
perhaps of secondary lmportance |
However, it would be of interest to study infants' complete sucklng
patterns from the ear]iest feeds using the technlques described in this
thesis. This would include the perlod of establishing lactatlon (4-8 weeks
(1sbister,1954)). ~ Feeds could be recorded on, for example days l .2 3 h
5,6,7,]4,2],28;'and thereafter at monthly intervals throughout the lactation.
Other factors which could also be recorded include:
Other behaviour of the baby
Milk intake
Intra-mammary duct pressure
Subjective reports of milk ejection
The behaviour of the mcther
" Blood oxytocin and prolactin levels
In other words, a thorough‘study of the patterning df milk flow and ite
associated physiological changes in the‘mother.
Blood prolactin ievels in woﬁen decline steadily after‘parturifion
(Bennar et al, 1975) with.superimposed transient increases during nursing.
It would be most interesting to try to re]ate the baby's behavieur to‘the
release of prolactin during breast feeding. Certain patterns of sucking
might, for example, be found to»be particularly potent stimulators»of

prolactin release. It would be interesting also to see whether it is the

strong sucking in the early part of the feed which maximally stimulates
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prolactin secretion or whether the factOr Which is really significant ip
tailoring milk production to the‘baby's needs is the amount of éucking done
by a still-hungfy baby e?en when there is little or no milk left in the
breast. ‘A satiéted baby shows a decrease in'oral behaviburs.after a breast
feed (Wright, 1977) and this presﬁmably'inc]udes les§ ”non-nutritive“ sucking.
The role of sucking in promotlng oxytoc:n re]ease can also be filled by
mouthing or.lvcklng the breast, leanlng on it, etcv, but thlS does not appéar
to bevthe case for prolactln‘re]ease.

As discussed in Section ].2; the amount of prolactin released is
proportiohal to the intensity and duration of sucking, but the quahtities
involved must change as lactation.progresses since in the early days high
levels of pré]actin aré associated with‘small volumes of 'milk whereasvlater

on the opposite is true. A particularly interesting way to study this rela-

tionship would be to examine prolactin levels during tandem nursing, i.e., when

a chiid is stfll befng nursgd throuéhdut and béyoﬁd his mother's next
pregnancy. The mother's “basé]ine“ pkb]actin levels and the prolactiﬁ
released in response to sucking by the two children of different éges could
be studied. The volumes of milk produced in response to a fairly constant
sucking stimulus superimposed on an increasing “béseline“ levelvduriﬁg preg-
nancy would lend an interesting perspective to the relatidnship between tée
sucking stimulus, the amOQnts of prolactin released, the sensitivity of
alveolar tissue and the amount of milk produced. One could also study f{rst
and subsequent (or better‘still, the~same woman in successive lactations)

to see.whe£her the prolactin response is different. It is generally the

case that the milk "comes in'' more quickly in second and later lactations

(Isbister, 1954), but whether this is due entirely to more responsive alveolar -

tissue (it having already been 'primed") or whether the prolactin response is

somehow different is not known.

X
E
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It would be of interest to extend the studies to other cases of re-
lactation and to cases of nujliparous women putting adoptive babies to the
breast (adoptive lactation). It is not cértaiﬁ hbw prolactin levels build
up from a low ''baseline' - in response to sucking. ltAwas‘rggrettab]y not
possible to measure prolactin levels dﬁring thé rglaqtation studied fﬁ Chapter
6 although this would have provided valuable supplémentaryAdéta.'

Oxytocin je&ei§-during human»laétatioh also require considerable
further study in order to elucidate the extent of their role.. Most of the
work tovdate.on tﬁe mi 1k ejecfion reflex ié on other.mamma]s, or; if oh humans,
has not combined directvradioimmunological assay of oxytocin levels in the
blood of lactating women with the measurement of‘milk expulsion.byvsuch means
aé the recording of intra-mammary.pressure.(Friédman, 1960; Cobo.et af,

1967) or the woﬁan's own subjective sensations of let down and thé observéffon
of milk flow from the nipple (Isbister, 1954). The lack of such data is in
no small way related to the difficulty of direct oxytocin méasufement and the
very low blood levels involved, and to the transient nature of its release.

There appears to be evidence for the quantal release ofquytocin, of
at least for the pulsatile release éf variable:amounts‘during suckling in
women, as suggested by Cowie and Tindal.(l97l). For example, the most
faithful reproductions of the pressure changes in the mammary gland during
nursing are produced‘by the intefmittent injection of small amounts of oxy-

tocin (Cobo et al, 1967; Caldeyro-Barcia,'l969, quoting Sica-Blanca et al,

1960). This probable transieﬁt, pulsatile release, i.e. several milk

ejections per feed, necessitates that éttempts to monitor oxytocin release
3urjng breast feeding invoive very rapid and continuous serial sampling.

It is not knownwhether milk ejection regularly occurs on]y in response
to the baby actually being on the breast and sucking or licking it, or

earlier. There are plenty of reports from women of milk ejection and

K
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consequent release of milk occurring in response to factors such as‘thinking:
of the feed or hearing their baby cry. (Caldeyrd*Barcia (1969) quotes data |
from~Si;o—Blanco which shows the cry of a newborn triggering an increase in
the intra;mammary preésure of the mothef, beginning 1% minutes later), The
. cconditioning of milk releaseiis ofvcourse,a we]Tjknéwn phenomenon .in
déirying, and it would be very interesting to éstabligh whether it occurs
in humans and, if so, how usual it is. ‘It'may'even be that'the~éase with
which let-down is conditioned ié.an important factof in successful breast
feeding (in which.case, breast féeding management should provide opportunity
- for it to occur). Conditioning of milk ejection would probably also help
in preventing-sqre nipples, often caused by sucking, particularly withbsu$tained

negative ﬁ?essure,-Eefore milk ejection. It would be Usefql to studynfhe
bpaftern of oxytocin release from the earliest déys of lactation.i

Once éne had built up a reasonably clear picture of the pattern of
'oxytocin.release during normal lactation, it would then be of considerable
benefit to study its re]ease; or the lack of ft, wfth breast feeding
difficul#ies. This‘coqu.perhaps be combined with observations of the sucking,
and might indicate how often breast feeding failure due to the mi 1k supply
hdrying up'' is due to the inadequate stimulation of the milk ejection reflex
or its inhibition by anxiety (Newton and Newton, 1967); .Many women experience
dffficu]ty_in estéblishing 1acta£ion despite a desire to do so; in fact it
is not difficult to imagine that an over-anxious mother keen to ”succeed”
could bring ébout a tense situation in which milk ejection is blocked.

To return to the findings of this £hesi$, milk flow rate is found to be
a reliable and consistent prédictor of.sucking pattern (especiaily of sucking
rate). This correlation does not of course indicate which is influencing
whi;h. There is much evidence from specially contrived situations that

infants can intentionally vary sucking parameters. For example, Kalnins
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and Bruner's study (1973) where infanfs suck to bring.a picture back into
focus; and the work of Eimas (1975) Where infants modified their sucking
rate to hear more of partichlar adult phénetic sounds.

This ability of the infant to modify sucking patterns is iﬁpressfve,
- and leads us to ask why-he_shoﬁld be able to do this, and whatjthe paréllel
bcould be in feeding. Or, if there is no paraliel, what»this»abilify céuld_bev
a'éidefeffect o%: For'exampié, as pfe&iousl? discussed, particular
sucking pafterns when the baby is properly '"fixed! on the breast could be
especially effeﬁtive in causing the'reléasé of -prolactin and oxytocin, or
could be used by tHe baby to regulafe bis fntake. It seems_thatﬁbreast_
fed babies alfeady have more opportunity to regulate their intake than do bottle
. fed infants, shown in a study by>Wright, Fawcett and Crow (1980), of the
» infént's capacity to express satiety behavioura}ly. In Chapter 7, pause
length was seen to have more relation to the baby's satiety andvfatigue than.
with the milk flow rate. It tHerefore»seems that pause length is used in
.a regulatory way (i.e. is a reflection of satiety). |

HoweVer, there is no conclﬁsive evidence that sucking pattern is usgd
by the baby to control intake, and bearing in mind the large literature on
the influence of fluid in the mouth on sucking, it is more rgasonableito
suppose that it is milk flow rate which determines sucking pattern (particularly
sucking rate) rather than the-other way around. However, the two are not
entirely mutually exclusive explanations and the same explanation need noi
be tfue for all suckiﬁg parameters in a!lvsituations. The idea.put forward
by Kaye (1977) that pauses serve as an. opportunity for turn-taking and dialogue
is attractive and plausible, although there is no firm evidence that the fnfant
doés so deliberately.

If it is then the quantity of the fluid in the mouth which.appeafs to

control sucking, the correlated changes in milk texture and composition during
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breast‘feeding cannot be ruled out as the agent of these_changes. ‘Although, as
it is argued in Section 7.4, miik.fiow.rate is the more 1ikely contender.
Unfortunately neither the availability nor the composition of the milk rec-
eived during breast feeding can be varied while the other is kept~constant,
The question of their indiViduai effects shouid therefore be- approached
through a study of the effects of expressed breast milk fed to the baby
through_bottie,feeding apparatus. - The milk could be centrlfuged to produce
mitks with particular proportions of lipid. Such procedures would however
.have,the grave disadvantage.of changing the system of mitk deiivery'and
- thereby also probably changing the baby's response. This experiment would
aiso be a test of Hall's hypothesis (1975) that the rise in the lipid content
of breast milk acts.as a cue which enables the baby to obtaln the approp~
riate ba]ance of calories and fluid. |

Priority should be given to studying the infant s ability to detect
.changes in the ilpld content of fiuid Much is known about the ChOice of
sweetness, sourness, etc., but very littie of the effects of other taste s and

fiavours which have relevance for.hreast feeding. Possihiy Crook's

(1978) method using shaii quantities of fluid couid.be used, since there are
problems in obtaining large quantities of breast‘miik. In addition, the. same
methods could be used to study the sucking patterns of infents receiving, for
example, sterilized cow's milk humanised to various degrees, and fluids
vcontaining various constituents ot human milk, singly and in combination.
The actual effects of different fluids per se and of their constituent
elements could then be teased apart. | |

It would be interesting to examine breast feeding newborns, who receive -
probably quite small amounts of colostrum, which.has less lipid than mature
milk.

There is need for work of the kind presented here on other nursing
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mammals, particularly other primates, who exhibited “nutritive' sucking rates

very similar to those of human babies on Wolff's bottle feeding.apparafus
(Wolff, 1968). This would providé a basis for soundér comparisons between
the human and other species so that it would be possuble to evaluate the
extent to WhICh human sucking is truly unique. ATl the work done on other
species has used bpttle feeding apparatus, and there are no néturafistig
studies of sucking pétterns dufing‘nﬁrsing on the mOtﬁer; ;The queétion'
asked in the past has been why hﬁmans.should have . two médes of sucking,v
nutritive and non-nutritive, as opposed to one “all-burpose“ modé, but it
now seems that what'may require explanation is rather why huméns éhould have
eyo]ved'such a remarkably sénsitive and.consistentvgraded'responée to
differing mi 1k flow.rates.

The proper data does not yetvexist on which to Ease any statement
that human sucking is more responsive than thaf of other mammals to external
or peripheral factors. It may be that other species show considerablg
plasticify of ‘response when conditions are suftable for its expression,
for example when nursing on thevmother.

However, if one is to search for an explanatlon of the plastncnty of
human sucking, one possible va]ue of it could follow from con5|derat|ons of -
the developing capabilities of the child. REM sleep in the foetus is
thought to approach 1003 of all sleep, in the newborn it occupies half the
total sleep and at three months it falls to one third. Subsequently it
continues £o fall at.a horé gradual rate into adulthood. One suggestion aé
to why this should be so (Roffwarg, Muzip and Dement, 1966), is that REM
sleep, with its large increase in neuronal écti?ity in the brain, provides
stimulation from Within, which may be essential for the normal growth and
development of the bfain when there fs little or no environmental stimulation.

This also provides '"practice'" for the brain so that when external stimulation
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increases, it will be able to deal with it. In other words, the immature
CNS is 'anticipating' and "preparing for!' its future active role long before
such eapabi]ities are actually required.

Trevarthen (1977) describes how the organs of growing, immature
organisms usually havefintfin;ic_qrganisatien in excess of. their essential

functions at that time, this prefunctional development of parts helping to

"drive" develepment. Coordination of faciél musc]eé by neural'pathWays is

very good from the flrst days of . Ilfe, in fact it is far more advanced than
that of other muscles, such as those of the hands Speech requnres exceedlngly
refined coordination of the muscles of the tongue, llps and throat as well
as of chest and vocal chords. The human face has been called the most ex-‘
pressnve organ in creatlon, having a huge range of expressxon, an ability
which requires a very high leve] of coordination of the facnal muscles.

Could there be a parallel with the suggested advantage of REM sleep
to the immature brain in the value of sucking for subsequent Speeeh and facfal
expression? Where the organisation of a system, - muscles, neural pathways,
etc. - is set up in advance of the organism's capacity to uti]ize_it
(in this case, for speech), it is plausible that varied, respenSivebsucking
might beiproviding stimulation to maintain the very large masses of neural
tissue devoted to the facjal’area which are not yet directly invelved in

their full range of motor and sensory reactions. This explanation would

provide a sound reason for differences in the sucking of human infants compared

with that of all other mamma]s;

. Certainly, there is evfdence‘which.suggests the importance of oral
feeding experience for motor development in general. Dowling and DeMpnterice
(1974) observed five children with unrepaired oesophageal atresia from
birth for periods of from 8 monthsAto 9 years. fhe three who were fed only
via gastronomy tubes and whose oral experience was veryvdeficient from birth

had severe motor retardation and were generally much less responsive to their
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surroundings; In sharp contrast, the two who received a wide range of oral
" experience including sham feeds of milk and baby foods (which drained througb"'
an oesophagostomy) were normal in every respect.
The view of human sucking is now-one of sucking basically‘organised in
one mode (the ”non nutrttnve“), with progre55|ve increases in flow rate, taste,
etc. modtfying it to produce a range of ”nutrltlve” rhythms. To accommodate
_ the consnderab1e plastncnty demonstrated the concept of dual CNS osc:llatory'
centres contro]llng two modes of sucklng (“nutrltlve” and “non nutrntnve
Wolff, 1968, 1973), has given way to the concept of one osctllator which eets
the pace of sucking. This oscillator is very responsive to Feedback from
both internal and external cues which vary the rate and overall pattern of
sucking. | | |
Another aspect of sucking which merits further stud& is the intensfty
of sucking and the ratio of positive and negative pressures exerted by the
baby This could be etudied during breast Feeding using a tube'taped to
the nipple, as did Ardran and Kemp (1959), who found that "after some minutes
of feeding the pressure (in the mouth) did not fall so-low as it did tnlttally
and peaks of bositive pressure appeared more freqoently.“ This echoes findings
with~bott1e feeding apparatus'(Dubignon and Campbell, 1969;‘see SectionFZ.IO).
A systematic study of the positive and negative pressure components
of‘sucking throughout a feed combined with other techniques as suggested
earlier in this chapter might well ehow that different ratios are differ-
ential]y effective in eliciting oxytocin and prolactin release. [t would
bevinteresting to see whether the ratio is the same at the beginning of a
feed, before milk ejection, and at the end,.when the baby is again ingesting
little or not fluid. One can speculate that different sucking patterns may
actually be associated wifh different ratios, for exampTe, stower rates

of sucking could reflect greater suction pressure; and the manipulation
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of positive/negative ratios could afford the baby control‘over the rate of
milk ingestion,

There are certain clinical implications following from the work in this
thesis. For example, the case study in Chapter 6 clearly demonstrates the
'possibility of relactating after a course of bromocriptine to suppress Iactapion.

If the fnhibifioﬁ of-the milk ejection reflé% fs én importanf cause of
problems.in_bregst feeding, a‘nonfintrusiye method of aésessfng'milk'flpw Qould_"
be of considerable value. Although it cannot be an absolute guide as the
extremes of rhythmic, slow suck#ng with few pauses and fast suﬁking witﬁi
more frequent pausing do overlap, observation of sucking patterns can
provide usefuf corroborative supbort to the mother's and .the attendants’
obserVations of “prober” suckingt‘ It cén perhaps‘prbvide a quick guide as
to what to look out for.

One pfactical use for_thesevmethods fhat has already been‘proved is
in the design of nipple shields, which are used to improve.eversion of poorly-
formed nipples and to protect sore or cracked ones. Woolridge, Baum and
Drewett (1980) have shown that a thin, latex nipple shield désigned so. that |
normal sucking patterné are‘minimally disrupted fs more acceptable to the
baby and interferes less with milk transfer than the conventional thick,
rubber '"Mexican hat''. Related to this is the development of a new system,
which will enable the meésurement of milk flow during breast feeding to be
combined with periodic sampling of the mi]k,'in which one of fhe components
is a modified thin nipple shield. This promising new technique should
cast much light upon the detailed inte;—relationships between milk flow rate, -
milk composition and sucking patterns. It may even allow an iﬁpuf of breast.
mitk lipid to enrich the mi}k entering the baby's mouth, thereby providing
the only satisfactory evaluation of the '"Hall hypothesis'' (see above).

It is to be hoped that the clinical value of sucking patterns
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as an index of thg effects of perinatal factors such as medicatidn transferred
from the mother's circulation and perhaps also ég a predictor of certain
aspects of subsequent deve]opmenf can be developed. This is an area és

yet barely touched upon, and a more preciseAdescription of normal sucking

- patterns and improved techniques of analysis such as presented here might

contribute towards this aim.
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APPEND I X
CHAPTER 5
Mean ISI through the first half- Mean pause length through the
feed (seconds) S first half-feed (seconds)
1A 18I A 18 Ic
EB 0.8 0.81 0.71 EB 2.25 2.94 - 3,58
AC 0.77 0.70 0.62 AC  2.67 3.60 - 5.29
MC 0.92 0.87 0.83 MC  1.51 2.04 2,25
AF 0.65 0.75 0.58 AF 2,55 1,52 5,11
LF  0.84 0.77 0.72 LF1.57 1.86 - 2.28
Mean burst length through the Mean no. sucks/burst through
first half-feed (seconds) the first half-feed
ALY |- B [ a1 e
EB 15.00 8.06 4.63 EB 18.6 11.0 7.6
AC  5.69 9.40 5.85 AC 8.4 144 10.2
MC 5.35 6.83 6.62 MC 6.8 8.8 8.9
AF 12,11 81.81 L. 84 AF 19.5 110.0 11.1
LF  22.01 8.70 6.33 LF  27.1 12.3 9.8

% pausing time through the
first half-feed

A 18 Ic
EB 12.2 25.9
AC 31.0 27.2
MC 22.3 21.3

AF 15.4 1.2
LF 6.0 16.7

NI DN I
Viwviuiuit o
SN — N
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APPENDIX

CHAPTER §
Mean IS| (seconds) Mean pause length (seconds)

mo 2 A 2
EB 0.86 0.73 EB 2.25 3.96
AC 0.76 0.67 . AC 2.36 4.60
MC 0.92 0.84 MC 1.51 2.03
HD 0.82 0.67 HD 5.34 3.54
AF 0.65 0.76 AF 2.55 1.50
LF 0.84 0.79 LF 1.57 2,18
BK 0.85 0.80 BK 2.60 3.05
Mean‘burst length (seconds) : Meanrnp. supks/burst

no o2 A 2
EB 15.02 5.74 EB 18.6 8.9
AC 7.95 9.71 AC 11.9 15.2
MC 5.35 4,24 MC 6.8 6.1
HD 33.45 " h,03 HD 4.8 7.0
AF 12.11 106.69 AF 19.5 141.0
LF 22.01 13.75 LF 27.1 18.3
BK 3.77 3.65 BK - 5.4 5.6

% pausing time

A
EB 11.1 35.5
AC 23.8 32.8
MC 22.3 30.7
HD 11.3 45,8
AF 15.4 0.7
L.F 6.0 12.9
BK 4o.2 bl 9
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APPENDIX

CHAPTER 6
Mean intake/suck (g) Mean 1S1 (seconds)

1F 2 1F 2
LF 0.00 0.13 LF  0.69 0.73
SM 0.03 0.33 SM 0.59 0.82
DR 0.11 0.35 DR 0.79 0.96
SR 0.04 0.2k SR 0.48 0.65
CS 0.04 0.15 CS 0.58 0.68
MS 0.03 0.09 MS 0.60 0.73
MW 0.05 0.22 MW 0.66 0.78
RW 0.06 0.26 ~ RW 0.65 0.69
Mean pause length (seconds) Mean burst length (seconds)

ir 2 Ie 2
LF 2.38 1.44 . LF 2.39 6.29
SM 3.7 4. 49 SM- 1.4 2.49
DR 2.81 2.93 DR - 1.75 1.81
SR 0.0 3.21 SR 2.93 5.91
CS 7.13 2.24 CS 1.62 2.17
MS 3.66 2.68 ' MS 1.93 2.37
MW 3.10 2.68 MW 2.49 2.27
RW 3.08 1.89 RW 2.36 2.45
Mean no. sucks/burst % pausing time

I 2 I 2
LF 3.03 7.42 LF 29.2 3.4
SM 2.14 2.93 SM 63.0 39.2
DR 2.21 2,10 DR 44,9 Ls. 1
SR 4,35 7.38 SR 0 5.9
CS 2.37 2.81 CS 72.1 26.8
MS 2.68 2.97 MS 47.8 31.4
MW 3.22 2.76 MW 32.2 33.4
RW 3.08 3.11 RW  33.9 18.0
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APPENDIX

CHAPTER 8
Mean 1S1 (seconds)
6.08  0.16  0.24 (m1/suck)
MC 0.64 0.58 0.68
JT 1.03 0.99 1.02
LD 0.69 0.75 0.63
SW 0.74 0.83 0.80
BC 0.78 0.76 0.86
CF 0.63 0.74 0.69
Mean burst length (seconds)
0.08 0.16 0.24 (m1/suck)
MC 2.50 0.98 0.66
JT 2.89 0.78 1.58
LD 8.32 1.19 1.33
SW 4,47 1.13 3.54
BC 3.51 1.40 2.93
CF 0.28 1.96 0.92
% pausing time
0.08 0.16 0.24 (m1/suck)
MC 65.3 80.6 89.5
JT 53.2 63.3 74.3
LD 26.8 76.0 80.5
SW 41.3 80.1 42.3
BC 52.6 60.6 h3,2
CF 8h.2  61.6 83.8

168

Mean pause length (seconds)

0.08 0.16 0.24 (m1/suck)
MC 5.27 6.37 7.19
JT 3.71 3.08 5.13
LD 3.42 5.35 6.24
SW 3. 44 6.33 4.77
BC 4,91 L 4o - 4,04
CF 6.94 3.50 5.68
Mean no sucks/burst
0.08 0.16 0.24 (ml1/suck)
MC 4,5 2.3 2.0
JT 3.8 1.8 2.5
LD 4,0 3.0 3.0
SW 6.7 2.4 5.1
BC 6.5 2.9 5.2
1.3 3.4 2.0

CF
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