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electromyographically during bottle or breast feeds. The duration time of sucking bum&, in- 
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diff’erenccs of means were significant by t-test. Tbe masse&r muscle activity in bottle-fed 
babies is significantly reduced. Our results are contrary to previous papers in which almost 
the same sucking actions in both breast and bottle feedii were reported. Tbe reason why pre- 
vious researchers thought that the sucking patterns in breast- and bottle-fed babies are essen- 
tially tbe same is considered, and tbe implications of tbe difftrences for dental health are 
discussed. 
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It has been believed that the sucking patterns in breast- and bottle-fed babies are 
essentially the same. In 1958, Ardran et al. recorded by cineradiography the jaw 
movements of suckling infants during bottle feeding [2,3]. He studied several 
newborn babies and 14 bottle-fed babies from 6 weeks to 6 months after birth. The 
number of individuals decreased, during the course of the study, because some of 
the older babies disliked either the taste of the barium sulfate used for the contrast 
medium for the X-rays, or the shape of the nipples which differed from those to 
which they were accustomed. Ardran did not record the history of feeding style ex- 
cept that the babies were being bottle fed at the time of the examination. The bottle- 
fed babies varied in the age of starting to use the bottle, duration of using bottles, 
the time of changing completely to bottle feeding, as well as in the proportion of 
breast and bottle feeding during mixed feeding. It seems that Ardran believed in the 
commonality of breast and bottle feeding, since he did not check the history of nurs- 
ing. He concluded that the sucking patterns in breast- and bottle-fed babies are 
essentially the same [3]; but the number of babies in his sample did not encompass 
the widely distributed backgrounds of babies. In 1986, Weber et al. also reached 
almost the same conclusion from their ultrasonagraphic study of the organization 
of sucking and swallowing in newborn infants [35]. Other researchers have since 
followed these views [4,5]. 

In 1955, a little earlier than Ardran, Ueshiba presented his observation that 
breast-fed babies have a stronger sucking force than do bottle-fed babies [33]. 
Evidently this means that the difference of sucking between breast- and bottle-fed 
babies is in the power, not in the quality, of the mechanisms. In his experiment, the 
negative pressure induced by the sucking action of babies was measured by a thin 
tube attached to the mother’s teat, a parallel arrangement of the tube to the teat. 
The pressure sensor was placed in the other end of the tube. In the case of bottle 
feeding, the negative pressure was measured by a tube connected to the bottle, a 
series arrangement, with the pressure sensor on the other end. Using these devices 
Ueshiba found that the sucking force was much stronger in the breast-fed babies 
than in the bottle-fed ones. According to an interpretation by Sakashita, it is possible 
to obtain a fairly correct approximate value in the case of the bottle-fed babies, but 
in the case of the parallel arrangement for the mother’s teat, the measured value is 
quite different from the sucking force, since it is just for the air in the tube itself [26]. 

There is a concept called ‘tooth-to-denture-base discrepancy’, which is known as 
a causative factor of the crowded teeth and the wisdom tooth impaction. It is the 
insufficiency of dental arch length to the sum of the mesiodistal crown diameter of 
all the teeth of the jaw, due to the evolutionary reduction of jaw bones in mammals 
generally, and modified by the insufficient growth in the modems to be more serious 
[10,14,20,28,31,32]. In our previous studies on the etiology of the tooth-to-denture- 
base discrepancy, we showed that the morphological and functional reduction of the 
human masticatory system is progressing very rapidly to&y [10,12-15,17-191. 
Regarding the causes of these changes, present dietary style with a too soft and too 
nutritious food, and the manner of nursing are suspect. 
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The results of a survey in a kindergarten showed that 24.5% of the infants had a 
chewing and swallowing disability, one of the expressions of retarded growth of the 
masticatory system; and 66.7% of bottle-fed infants were unable to chew and 
swallow normally, while only 6% of the breast-fed children had these problems 
[9,25]. These facts seem to suggest that there are some differences in the growth of 
jaws and in muscle activity between breast- and bottle-fed infants. 

We have been studying the differences between breast- and bottle-fed babies in 
electromyographic records of the masseter muscle, which is the principal muscle for 
mastication, and have already shown, qualitatively, the presence of important differ- 
ences [16,25,26,39]. In order to confirm these differences quantitatively we have at- 
tempted, in the present study, to record and to analyze the myoelectric activity of 
the masseter muscle of bottle-fed babies. 

2. Materials 

The subjects in this study were 12 bottle-fed babies aged from 2 to 6 months after 
birth, who had had no experience of breast feeding or who had quit breast feeding 
within 2 months of birth and subsequently had been fed by bottle only. For the con- 
trol group we studied 12 breast-fed babies of the same age range, who had had no 
experience of bottle feeding except for a few days before leaving hospital and who 
had never used a bottle even for water or juice, Before examination, it was explained 
to the mothers the purpose of our research and that the babies would have neither 
pain nor injuries. The mothers willingly agreed and even wanted to know about the 
activity of their babies’ mouths. The composition of both groups is shown in Table 1. 

The masseter muscle activity of the bottle-fed babies during a feed of 100 ml of 
the milk, and of the breast-fed babies during a feed from the first breast on either 
side was recorded by electromyograph. The breast,fed babies were weighed before 
and after the feed in order to know the amount of milk ingested. The recording was 
carried out once only for each baby, because no repeat is possible after the babies 
have satisfied their appetite. The stability and reproducibility of the electromyo- 
graph in adults [1,6,29], infants and babies [22,23,36] has been established. 

A specially improved low noise type amplifier (MicroAmplifier Unit: Iwate Medi- 
cal College Type: R Electric mfr., 2 channel, gain: 600-10 000, wide frequency 50 
Hz-2 kHz, net nose: 1.9 pV) was used for the recordings. Two disposable surface 
electrodes (‘Let Trode’: Nihon Electric San-ei Factory) were pasted onto the skin 
over the masseter muscle 15 mm apart, and the action potential was induced by bi- 
polar derivation and recorded on magnetic tape. 

The electromyographic data for the first minute were analyzed on a personal com- 
puter by ‘Wave Master II’ program. Duration time of a burst (s), interval time (s), 
cycle time (s), O-to-peak amplitude &V), integrated amplitude of a burst bV* s), and 
integrated amplitude/duration time (c;V) were measured, and the number of the 
bursts over 30 PV was counted. 

3.Results 

Examples of electromyographs for bottle- and breast-fed babies are shown in 
Fig. 1. 
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Fig. 1.ExampksofEMGfrommawter at iagestion of milk. (A) From a lwttk-f& femak b&by 4 months 
after birth (Case No. A-10). Breast fedmg: O-2 weeks after birth B&c O-4 monhafter birth. 
(B) From a breast-fed female baby 4 months after birth (Case No. B-10). Breast feeding: O-4 mods after 
birth. Bottle feeding: O-3 days after birth. 

The means and the standard deviations of the measured variables, as well as the 
feeding time and amount of milk ingested in experimental and control are 
shown in Table 1. Standard deviations of each variab&e are generally low, an in&a- 
tion of the stability of the measurements. Mean values of the duration time of a ,burst 
and the cycle time in the experimental group diffm from those of the control group. 
Of the other variables the diierences between the two groups are quite m&red. 
These differences of means were sign&ant at the level of P < 0.05 in duration time, 
P c 0.01 in cycle time, and P c 0.0001 in the other variables by r-test. 

4. 

4.1. Edwtbn of the experimental results 
As shown in Fig. 1, there are visible di@erences in the electromyograpbs ofbottle- 

fed and breast-fed babies. For the bottle-fed baby the peaks of the bursts are much 
lower and even almost disappear for a time. The data obtained from the an&&s of 
the electromyographs were stable and expressed the presence of the mus4& aizt4on 
satisfactorily as indicated by the relatively small value o 
each variable. The means in the experimental group am 
those in the control group, indicating the difference of the muscle action in tbe two 
groups. 

The unit of the integration of each burst, PV - s, is approximately proportional to 
the dimension of work or energy, because the outer resistant is a ~~~~a&tnt as far 
as the circuit for measurement is concerned. It is very striking that there are #ar- 
titularly profound intergroup diffmces. It means that for every burst the amomt 
of work done by the masseter muscle of a bottle-fed baby is much less than that of 
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a breast-fed baby. Given the lower number of bursts in bottle-fed babies, the total 
work in a feed might be expected to be much less than that in a breast-fed baby. 

These data support the authors’ opinion that bottle-fed babies may show subop- 
timal development of their chewing action and consequently impaired development 
of the masticatory muscles, resulting in chewing/swallowing disabilities [ 14,17,18]. 

4.2. Proposal for reconsideration on breast feeding mechanism 
As mentioned in the introduction it is generally believed that the sucking patterns 

in breast- and bottle-fed babies are essentially the same [2-5,351, or that the milk 
is squeezed out by the stripping action of the tongue [38]. The results of the present 
study suggest a different mechanism. 

In 1943, Waller published a paper dealing with the biomechanics of the flow of 
the milk from the breast, and pointed out that it is governed by reflex [34]. 
Hashiguchi also showed the biochemical sequence of secretion and ejection of breast 
milk [ 111, If these interpretations are correct, then there is no need for a sucking ac- 
tion nor for a stripping pressure to obtain the mother’s milk, it is only necessary to 
receive the milk by the tongue and to bring it posteriorly by a peristaltic movement 
of the tongue for swallowing as illustrated by Woohidge [38]. 

We have already pointed out that the method of measuring the negative pressures 
in breast feeding was unsuitable [33]. Sakashita [26] measured the sucking pressure 
using a bottle connected with a pressure sensor through a plastic tube, and found 
that the bottle-fed baby does suck the milk, and the longer the baby’s experience of 
bottle feeding the easier and the more strongly it sucks. On the other hand, the 
breast-fed baby cannot suck milk, although after a few days, the baby does gradually 
learn to suck. Inoue et al. [16] also reported that within 7 days of birth all of the 
babies showed the chewing-like jaw movement, but they did not show any sucking 
pressure except for a very obscure sign in 3 of them who had mainly been bottle fed. 
This means that the breast-fed baby does not need and is not using the sucking ac- 
tion for ingesting breast milk. 

It may be also a problem that many researchers have had very few occasions in 
which to observe healthy babies when they are ingesting breast milk, since the moth- 
er whose baby is healthy and ingests milk without trouble will not visit the specialist 
to show the feeding scene. If we have the opportunity to watch the scene, the patterns 
of movement of the mouth at ingesting milk from the breast and the bottle can be 
easily distinguished. The synchronization of the mandibular movement with the in- 
gesting action will always be observed in breast feeding, as has been observed by 
Woolridge [38] and by Weber et al. [35] on an ultrasonagraph. 

In the field of experimental research using animals, there is a further problem in 
that usually the babies are not accompanied by the mother animal, but are 
habituated to bottle feeding [2,7,8,37]. In these experimental cases, it would be dif- 
ficult to deal with the differences between bottle and breast feeding. 

There is an increasing trend in reports for the function of the tongue for ingesting 
milk to be emphasized [3,4,30,38], while the role of the jaw motion is not often dealt 
with. Today exposure to X-rays for the purpose of research is restricted, and ultra- 
sonic tomographic methods have assumed the function of obtaining information in- 
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side the living body. It is an excellent method to observe the motion of the teat, 
palate and tongue, but it can record only a very narrow field. Thus the observation 
is focused on the motion of the tongue only, resulting in an interpretation that the 
tongue is playing the leading role in ingestive behavior in breast feeding as well as 
in bottle feeding. Whether or not we need to know about the motion of jaw seems 
to be a problem. 

The tongue is an organ which consists mainly of muscles as far as its movement 
is concerned. The arrangement of the muscle tibres is quite different from that of 
the larger muscles in the general motor system such as the muscles of the hands or 
legs. A muscle of the motor system is usually a thick bundle of muscle fibres, which 
run in one direction to develop strong power, and which combined with bones and 
joints carries out heavy jobs. On the contrary, the arrangement of the muscle libres 
in the tongue is multifarious and complicated. There are 6 main muscles in the 
tongue running in different directions from one another, and none of them is thick 
enough to bear heavy duty. The tongue seems to be a very sensitive organ, which 
can move very quickly and freely in mastication and speak&. Therefore, the con- 
sideration must be taken into the role of the tongue in ingesting the milk in all as- 
pects again, because it does not seem easy for the newborn baby to strip out the milk 
effectively by the small tongue alone without the support by jaw movement. 

There are so many inconsistencies among these theories and interpretations that 
an immediate reconsideration of the breast feeding mechanism seems necessary. 

4.3. Znjluence of decreased activity of masticatory muscles 
Ito et al., comparing 2 groups of mice, one fed with regular solid food and the 

other fed with paste bait, showed significant reductions in the weight of the masseter 
muscle and the size of the mandible in the latter group [ 191. Kuroe reported that the 
anteroposterior and lateral diameters of the mandibular condyles as well as the 
weight of the masseter muscle in mice fed only a liquid diet showed sign&ant reduc- 
tive changes, with P values less than 0.001; while the body length and the body 
weight were almost the same as in the control group [21]. He concluded that the 
masticatory function has distinct effects on the growth and maturation of the man- 
dibular condyles and fossae. Oseko et al. studied the diffemnce in growth of the 
masticatory system between breast- and bottle-fed mice using the tip of a fountain 
pen tiller as a nipple. They too observed a significant retardation of growth in the 
masticatory system [24]. 

Given the retarded growth of the masticatory muscles and the loss of chewing be- 
havior, the increase in infants with chewing-swallowing disabilities is to be expected, 
together with tooth-to-denture-base discrepancy and malocclusions, juvenile tem- 
poromandibular joint disorders, and tooth impaction not only of the wisdom teeth 
(the third molar), but also of the second molars [ 14,17,18]. 

The development of the masticatory efficiency and the growth of the jaw bones 
under the circumstance of breast feeding are normal and healthy deve ma1 pbe- 
nomena; whereas the decrease of the muscle function and the retarded growth of the 
jaw bones in a bottle feeding regime are responses to an unphysiologlcal environ- 
ment. These interpretations of the functional development of the orofacial umt 



192 N. how et al. /Early Human Development 42 (1995) 185-193 

should be correctly understood and the contrast between growth and adaptation 
must be emphasized [27]. It remains essential to identify the means to compensate 
for the loss of development and masticatory abilities of children and to avoid the 
development of maladapted orofacial conditions in the newborn as would be return 
to breast-feeding. 

5. Conclusion 

The masseter muscle electromyographic activity in bottle-fed babies is signific- 
antly reduced when compared to that in breast-fed babies. 
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