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Abstract

Background: When using conventional feeding bottles, negative pressure is generated in the oral cavity, as well as,
in the bottle when fluid is removed by sucking. The negative pressure inside the bottle causes the infant to suck
excessively and the intraoral negative pressure may subsequently be transmitted to the middle ear via the eustachian
tube. M ethods : in seven infants, simultaneous pressure recordings were performed in the feeding vesk l and the middle
ear using three types of feeding bottles. Results: with convention al non-ventilated and under-ventilated bottles a
negative pressure formed while the infant sucked and negative intra tympanic pressure was frequently generated.
Conclusions: it is suggested that this sequence of events may lead to secretory otitis and it's accompanying
consequences. In contrast, a fully ventilated bott le showed positive pressure throughout the feeding procedure, which
is similar to normal breast-feeding, and negative pressure changes were not recorded in the middle ear. C 2000
Elsevier Science Ireland Ltd. All rights reserved.
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I. Introduction

The inciden ce and prevalence of o titis media in
child ren has remained very significan t over time .
F ifty pe rcent of infants develop an ea r infection
by I year of age and an increased risk of recur-
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rent acute o titis and chronic disease is seen in
infan ts who have an infec tion in the first yea r of
Iifc [I]. An infection before age 1 is the highest
pred icto r of future infections. T he incidence is
higher in males than in females, in whites than
blacks, in lower soc ioeconom ic groups, in na tive
Americans and Alaskan natives, and highe r in
children with cleft palate and other cra nio fac ial
anomalies. The inciden ce is also higher in ea rly
spring and winter, as com pa red with sum mer
a nd ea rly fall [2].
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Th us, there is 'evidence to show that the eno l­
ogy of otitis media is multifacto rial. Individual
factors, such as inherited anatomica l and im­
munologica l traits are important, as well as, the
local environmental facto rs such as nursery care
of infants. Socioeconomic factors, including
poverty wit h poo r nutrition and close living quar­
ters where many persons live in the same house or
apartment, can increase the risk for transmission
of pathogens.

Although the incidence of otitis is less with
breast-feeding than with boule-feeding [I), the
physiological background of this phenome non
and its relat ionship to infant feeding bottles have
not been studied. The relationship of the physics
occurring in the feeding bottle and the resulting
physiology in the oropharynx and middle ear
have yet to be examined. Middle ear pressures
resulting from the above-given bottle physics have
not been elicited. One night at 02:00 h., the first
author tried to soo the a restless infant who had
just suffered another long night of colic. When
given a meal from a feeding bottle the hungry
child sucked eagerly and hard enough to make the
nipple, and even the plast ic bottle, collapse. The
observation of the collapsing bottle inspired some
late hour contemplation . Questions were raised
such as " What happens inside the child?" "Can

this be harmful?" "Can a negat ive pressure lar ge
enou gh to make the bottle co llapse be transmitted
to the ears?" " Is there a connection with the
freq uent attacks of o titis media?"

2. Methods

Seven infan ts were tested, two boys and five
girls, all under I yea r of age . All the children were
supp lied with transmyringeal ventilation tubes be­
cause of recur rent otitis media . Infants were stud­
ied using two pressure-sensing transducers. The
first was used for simultaneo us monitoring of the
pressure formed in the nipp le of the bott le, which
reflects tbe pressure in the o ropharynx, and the
second pressure transducer monit ored ear pres­
sure as an infant sucked.

As illustrated in Fig. 1, the first pressure sensing
transducer was a Pasco C I 6534 Low Pressure
Gauge Sensor. This unit was used for evaluation
of the vacuum formed in the nipple of the bottle,
which equals the in traoral pressure. The second
transducer, a G rove-Tek 1900 mm-H20 Gauge
Sensor , was connected to the external ea r canal
for evaluating ear pressures .

Th ree types of bottles were used (Fig. 2) in the
tests; non -vented, unde r-vented, and fully vented
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Fig. l. Eqcipmem used 10 digitally record simultaneous ear and boule pressure measurements.
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Fig. 2. Constructio n and mechanics of action for non-vented,
under-vented and fully vented bott les.

bo ule s. A non -vented bott le is simply a solid
walled vessel with a nipple held in place by a ca p.
An under-vented bottle has holes or slits in the
flange of the nipp le whereby some air may enter
the bottle, once enough vacuum bas formed . In a
fully vented bottle a direct communication be­
tween the outside air and the inside of the bottle
is accomplis hed by a straw-type conduit connect­
ing the thr eads at the nipp le cap with a cavity at
the bottom of the bottle. Any vacuum is thus
eliminated as air is allowed to pass into the bot­
tom of the bottle without contaminating the feed­
ing liq uid with air.

For interna l nipple pressure measuremen ts the
various kinds of bottles were each fitted with 1.6
mm 1.0. plastic catheters with an angle-cut end
positioned inside the nipple tip. The tu bing was
connected to the input (liquid end ) of a 300-ml
isolation vessel (air over water). This tubing was
purged of all air, and the vessel liquid level was
maintained at the same horizontal level as the

nipp le end . The vessel output (air end) was then
connected to the nipple pressure transducer.

Earplugs supplied with 1.6 mm J.D. plast ic
catheters were used for ear measurements. The
seal of the earplug was monitored continuously by
observing for ab rupt deflectio ns of the recorded
curve and zeroing of the digital da ta plotter,
ind icating that the seal was lost. Concurrently,
visual inspec tion of the placement of the plug was
perform ed. A Dwyer Instruments, Inc. Model
1211-48 slack tube man ometer was used for accu­
rate calibration of both pressure transducers.
Data from both the sensors were observed and
collected simultaneously using a standa rd IBM
type PC running a Windows based data acq uisi­
tion program. Sampling was acco mplished by two
AfD converters.

For the ear testing , a fully vented bottle, with­
out any vacuum, was alwa ys used for the initia­
tion of feeding so no initial vacuum would be
int roduced fro m the bott le into the oropharynx
and subseq uently into the ear. In a fully vented
bottle, inverted during feeding, the pressure at the
level of the nipple tip was meas ured in pilot tests
and found to be conti nu ously pos itive duri ng the
entire feeding cycle. The infant then drank from
under -ven ted and un-vented bot tles, in th at order ,
so as to min imize any introd ucr1on of negative
pressure artifact into the oropharynx a nd thus
into the midd le ear.

3. Results

With non-vented and unde r-vented bottles the
init ial pressur e at the nipple was first slightly
pos itive, a finding th at was identical to the results
found with the fully vented bottles. After a short
while, however, when so me of the fluid had been
sucked out of the bottl e, the positive pressure at
the level of the nipple was reversed in the non­
vented and under -vented bottles and an increas­
ingly negative pressure was generated du ring the
feeding . As the vacuum increased so did the resis­
tance to flow, making the child suck even harder
when trying to evacuate the bottle.

In the non-vented and under-vented feeding
bottles as liquid was removed by the baby suck-
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ing, a significant vacuum was formed. A negative
pressure of 41.(4 in . of water (equivalent to ­
1045 mm H20, - 10.25 kPa . or - 76.86 mmH g)
was generated with the non-vented bottle and a
negat ive pressure of 22.87 in. water pressure
(equivalent 10 - 581 mm H20 , - 5.70 kj'a, or
- 42.73 mmHg) was noted in the under-vented
bottle. The rap idity of the drop is due to the
closed volume of the bottle with no venting. In
non-vented hollies the vacuum q uickly became so
significant du ring feeding that the nipp le co l­
lapsed. This was especially true at the beginning
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Fig. 1. Pressure grapb showing the negati ve pressure tran sfer
from tbe oropharyll,l in to the middle ear.
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Fig. 4. Pressure gra ph sho....-ing tbe rapid induction or nega tive
pressure occurring within a eon-vent ed bott le, which became
very significant.

of the feeding cycle when there was less air in the
bott le, resulting in less liquid needing to be evacu­
ated 10 reach the point where the vacuum was
sufficient to ca use nipple co llapse. A very signifi­
cant vacuum also formed in under-ven ted bottles
but at a slower rate than with the non-vented
bottle . Thi s is due to air slowly entering the bottle
through holes or slits at the rim of the nipple and,
thus, the downward slope of the negative pressure
curve was not as steep. The fully vented bott le
started with a positive pressure that slowly de­
creased to atmospheric pressure . Negative pres­
sure never formed in fully vented bottles.

The gra ph in Fig. 3 shows a direct correlation
between the negative pressure formed from suck­
ing on non-vented and under-vented bott les and
the pressure in the middle ear. As soon as the
vacuum became great enough, the pressure in the
middle ear followed the same cou rse with a rapid
nega tive deflection . This indicates a transfer of the
nega tive pressure formed in the oropharynx di­
rectly through the eustachian tube into the midd le
ear. The transfer of negative pressure from the
bottle was seen regularly in the infan ts using
under-vented o r non-vented bottles. An upwardly
positive middle ear pressure was noted in the
infants using tbe positively vented bott le. The
physics present in infant feeding bottles is pre­
sented in Figs. 4-7. Evidence of the rapid nega­
tive pressure formation in non-vented bottles is
seen is Fig. 4. A readily observable demonstration
of the vacuum present in the under-vented boule
is seen in Fig. 5, as the nipple collapses and air
bubbles are entra ined into the bottle to replace
the fanning vacuum, with a graph of the under­
vented bott le physiology shown in Fig. 6. The
presence of positive pressure in the vented bo ule
is noted in Fig. 7, with the correlation between the
increasingly positive pressure in the middle ear
and the increasing bottle pressure noted in Fig. 8.

4. Discussion

During normal breast feeding, breast milk is
ejected in repea ted small portions when oxytocin
stimulates milk release via the myoepithelial cells
in the milk glands and ducts. This causes a posi-
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4.1. Physics of the various feeding bottles

The measure ments showed that vacuum formed
in most reusable feeding bottles, which are either
non-ventila ted or under-ventilated through vari­
ous configurations of holes and slits in the nipple
rim or nipple proper. Th e non -vented bo ule is
simply a solid walled vessel with a nipple held in
place with a cap. The cap holds the enlarged
flange end of the nipple (the portion of the nipple
in contact with the feeding device) firmly against
the top of the bottle fanning a tight seal. This
arrangemen t constitute s a solid walled container
which does not permit any air entry, resulting in
the liqu id being held within the feeding vessel by
the vacuum which is formed while sucking. Fluid
may only be removed by the infant in small

Fig. 5. Illustration of the bubble fonnation and nipple collapse
due to the vacuum which fonns in non-vented and under­
vented bottle s.
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Fig. 7. Pressure grap h showing con tinuous positive pressure in
a fully vented boule.
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Fig. 6. Pressure graph showing a slower induction of negative
pressure occurr ing in an under-vented bott le, which became
significant over time.

tive pressure within the gland and there is no
negat ive pressure build up. This study demon­
strates that when sucking from a non-vented or
under-vented bott le negative pressure is generated
in the bottle , as well as, in the oropharynx and,
subseq uently, in the middle ear.
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Fig. 8. Pressure graph showing the posi tive pressure transfer
from the oro pha rynx into the middle ear.
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amounts by overcoming the stiffness of the wall
of the nipple or bott le and collapsing one or the
other with a resulting small amount of liqu id
leaving the bottle. The high negat ive pressure
formed (Fig . 5) at the very on set of feeding is the
exact opposite of the positive pressure which 0c­

cu rs during physio logical breast feeding.
As the nipple collapses due to the negative

pressure in non-vented o r under-vented bott les the
baby will break its seal at the nipp le and swallow
air along with liquid into the stomach. Whe n
these types of bon les are in the feeding position,
the negati ve pressure in the bott les causes a
stream of air bubbl es to percolate through the
liquid . This occurs either thr ough the nipple hole
itself or in between the boule neck and the flange
of the nipple. The collapsed nipple and bubble
induction into the feeding liquid are clear indica­
tions that a vacuum is present in the feeding
bottle (Fig. 5). In extr eme cases, babies have been
observed to even collapse a plastic bottle with
vigoro us sucking.

The under-vented feeding bott le is identical
with the above closed system except that the re are
one or more ho les or slits in the flange of the
nipp le. This allows air to be drawn into the
feeding vessel once a sufficient vacuum has
formed in the bo ule (assum ing tha t the hole o r slit
is not pinched shut by over tightening of the cap,
a common prob lem). The infant must first form a
vacuum before the air is drawn into the bo u le.
The negative pressure in this kind of bottle tended
to form more gradually than with non-vented
bott les (F ig. 6).

The fully vented bottle has an ope n pathway
for air leading from the threads between the bottle
neck and the nipp le collar to an internal reservoir
which is, therefore , in comm unica tion with ambi­
ent air. With fully vented bo ules the initi al nipple
pressure was positive, and the pressure remained
positive throu ghout the entire emptying of the
bottl e (Fig. 7), which is similar to the positive
pressure present in breast feeding . At the end of
the meal the interna l bottle pressur e equalized to
the ambient pressure. This arrangement serves the
do uble purpose of preventing develop ment of neg­
ative pressure in the feeding boule , as well as,
preventing the transfer o f this pressure into the
oropharynx and subsequently into the ea r.

4.2. Eustachian tube closing failure

One of the most important functions of the
eustachian tube is to protect the middle ear from
pressure fluctuations in the airwa ys. Minor
naso pharyngeal pressure variations occu r with
breathing. High positive nasopharyngea l pressures
are caused by Valsalva type maneuvers and nose
blowing and significant negative pressures occur
commonly on sniffing. These positive and nega­
tive pressures can be tran smitted to the middle
ear. Evacuation of the middle ear cavi ty during
sniffing frequent ly leads to locking of the eu­
stachian tube. In this case the tube commonly
disp lays a one-way valve characteristic, meaning
that one directi on of passage thr ough the tube is
favored, namel y, the 'd own direction ' of passage
from the middl e ear to the nasopharynx. This has
been referred to as 'eustachian tube closing fail­
ure ' [3]. Sniffing as a possible cause of ear disease
such as secretory otitis media (SOM), atelectasis,
adhesi ve otitis, and cholesteatoma has been exten­
sively investigated in different study groups [3­
10]. In one study, a total of 156 ears in 100
children with persisten t SOM was investigated. In
63% of ears (73% of individuals) evacuati on of the
middle ear took place by the act o f sniffing [3].

4.3. Otitis " iedia

Th e most frequent condition for which a child
sees a physician is otitis media [I I]. More than 30
million visits for otitis media transpire annually
[1 2]. Office visits increased by 150'% between 1975
and 1990 with the greatest increase in the number
of visits occurri ng in children under age 2 [13].
Th e average percentage of infan ts who develop
otiti s media by I year is 50% [14].

4.4. Possible causal relationship between bott le
feeding and developmem of ear disease

The present study, using simultaneo us measure­
ments in the feeding bottle and in the midd le ear,
showed that negative pressure was generated in
non -vented or under- vented standard infant feed­
ing bott les and tha t the negat ive pressure was
tra nsferred to the middle ear during the feeding
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process. The formation of nega tive pressures in
the feeding bot tle can easily be observed by noting
the co llapse of the nipple or the percolation o f air
bubbles through the formula . Middle ea r evacua­
tion and the subseq uent locking of the eustachian
tube, as a result of forceful sucking agai nst the
increas ing vacu um present in common non-vented
and under-vented feeding bottles, was demo n­
strated by press ure recording. An increasingly
posit ive middle ea r pressure curve was noted in
those infan ts feeding from a vented bonle. The
posi tive pressure meas urements on the midd le ear
pressure curves co rrelated close ly to the upward
trend of the measurements noted on the fully­
vented bottle pressure graphs (F ig. 8).

Negative pressure in the middle ear is known 10

be a precursor to serous otitis. An effusion of
fluid can interfere with hea ring and lead to de­
layed speech and cognit ive developmen t in
younger infants. The negati ve pressure may also
predispose to bacterial otitis media and more
severe com plications. It has been shown that neg­
at ive pressure such as that generated by sniffing is
involved in the development of permanent ret rac­
tion type middle ear disease manifested by atelec­
tasis of the tympanic membrane, adhes ive otitis.
and cholesteatoma [3-10,15- 17].

Midd le ear evacuation and subseq uent locking
of the eustachian tube, as a result of the inten­
sified and forceful sucking against the increasing
vacuum present in under-vented o r non-vented
bott les, may also be expected when sucking on
pacifiers, toys, th umb s, a nd similar objects. The
common denominat or in all of these activities is
that a negative pressure is generated in the oral
cavity and the vacuum may then be transferred
via the eustachian tube to the midd le ear.

5. Conclusion

Simultaneo us pressure vari ations in the middle
ear and nipple of the feeding bott le were mea­
sured and d igitally plotted. The results showed
that breast-feeding has add itional advantages over
other methods o f nutrition. When using sta ndard
baby feeding bottles tha t are non-ventilated or
under-ventilated th rough various configurations

of holes and slits in the nipp le rim or nipp le
prope r, the study clea rly shows a d irect correla­
tion between the negative pressure in the feeding
bott le and negative pressure in the middle ea r. A
causal relationship between the induced negative
intratyrn panic press ure and development of ear
disease is suggested. The negative pressure may
lead to develo pment of secretory oti tis causing
hearing impairment aod a risk for delayed speech
development. The negat ive pressure may predis­
pose for purulent otitis media and even contribute
to development o f irreversible retraction type
midd le ea r disease such as atelectas is, ad hesive
otitis, and cholestea toma . In o rder to more close ly
simulate physiological breast-feeding, it is neces­
sary to avo id vacuum formation and air bubbles.
This may be do ne by using feeding bott les with
continuous positive pressure at the nipp le d uring
the entire feedi ng cycle. The present investigati on
will be extended, using slightly mod ified equip­
ment , for studying the detai ls of how the negative
orop haryngeal pressure is transmitted to the mid­
dle ear.
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