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Abstract: We studied the variations in peripheral capillary oxygen saturation (SpO2) during wake
time in relation to pacifier use and to the following different positions: supine at 0◦, supine at 30◦ (in
babies under one year) vs. sitting (in babies between 1 and 3 years of age). We observed 54 patients
under the age of three years, weighing over 1.800 g. Peripheral oxygen saturation was recorded for at
least 40 min per patient in the following positions: 20 min lying supine at 0◦ (10 min with a pacifier
and 10 min without); 20 min lying supine at 30◦ inclination or in a sitting position if the baby was
older than one year (10 min with a pacifier and 10 min without). Pacifier use improved the peripheral
oxygen saturation both in the 0◦ supine position, and at 30◦ in a sitting position. No significant
differences were observed in the SpO2 levels comparing the different positions. In conclusion a
pacifier thus seems to have a positive effect on respiration.
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1. Introduction

The relationship between malocclusions and pacifier use is a much-debated issue.
Although no definite conclusions that are consistent with the principles of evidence-based
medicine have been drawn, the general consensus regards pacifier use as harmful if it does
not comply with the recommended timing and modalities [1–4]

Suction is an innate reflex that appears in the prenatal stage and is one of the first
muscular coordination abilities of a fetus [5]. A pacifier stimulates this reflex. Its use is
described as “non-nutritive suction behavior”, comparable to finger suction. Infants have a
natural suction instinct that is considered to be the first feeding instinct. If this instinct is
not completely satisfied by the maternal breast or feeding bottle, the baby will experience
feelings of frustration. This does not happen if the baby engages in a non-nutritive suction
habit [6]. It is no coincidence that, in English, this object is called a pacifier, underlining its
effectiveness in soothing the baby. Pacifiers also have some benefits, as follows:

They reduce the perception of pain and the state of agitation in babies under 6 months
old, whether born full term or prematurely, or enduring minor procedures in the Emergency
Room [7].

In premature babies, they facilitate the development of a nutritive suction habit and
improve digestion at the intestinal level, thus reducing hospitalization time [8]; they also
reduce finger suction habits [9].

Pacifiers are also associated with possible risks, as they can cause dental misalignment
and malocclusions if used by children older than two years [10]; hinder breastfeeding if
used during the first month after birth, before breastfeeding has been consolidated [11];
and lead to the risk of otitis media, especially in children over one year of age [12].

The guidelines published in 2016 included pacifier use among the protection factors
against Sudden Infant Death Syndrome (SIDS) during the first year of life [13]. Various
hypotheses have been drawn on the role of a pacifier in reducing the risk of SIDS, for
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instance, preventing “rebreathing” by preventing the direct contact of the face with the
sheets; lowering the threshold of awakening; and causing a greater arousal in the case of
hypoxia [14].

The use of a pacifier also keeps the tongue in the anterior position, modifying the aerial
spaces and keeping the airways open [15]. These positive effects seem to be unaffected by
the possible loss of the pacifier during sleep. One study [16] showed that pacifier use in pre-
term infants is associated with a small, but significant and persistent forward movement
of the jaw, which enables the upper airways to expand. This theory was confirmed by
another study [17] that showed that a pacifier facilitates an adequate airflow, and therefore
an adequate peripheral oxygen saturation, through the oral cavity in the case of nasal
airway obstruction.

In a previous paper, we demonstrated that pacifier use is correlated with a statistically
significant reduction in the number of pathological apneas/night (AHI), and with an
improvement in the average SpO2 as well as in the value of the minimum SpO2 detected
during sleep in children with a history of Apparent Life-Threatening Events (ALTEs) [18].

The effects of pacifiers on the variations in peripheral oxygen saturation during wake
time are unclear. One study [19] compared different sleeping positions in relation to
changes in cardio-respiratory parameters. The positions studied were prone, supine, and
lateral. While the prone position seems to be ideal for premature infants with mechanical
ventilation, the same cannot be said for spontaneously breathing premature infants. In
addition, due to the association between the prone sleeping position and SIDS [13], all
hospitalized infants placed in the prone position must be continuously monitored in terms
of SpO2 levels. Lister et al. (2012) showed that infants placed in the prone or the side
position were no more likely to experience an extreme cardiorespiratory event, compared
with infants placed in the supine position [20]. This study concluded that, other than
decreasing extreme cardiorespiratory events, exactly how the supine sleeping position
decreases the risk of SIDS is unclear.

The difference between the supine position and the same position inclined at 30◦

has not yet been analyzed in healthy children. Deye et al., (2012) studied the influence of
posture on breathing effort in patients with difficult weaning [21]. They hypothesized that
posture could modulate the breathing effort in difficult-to-wean patients. Their prospective,
crossover, physiological study was performed in 24 intubated patients breathing with
pressure support who had already failed a spontaneous breathing trial or extubation
episode. The results highlighted that the 45◦ position helps to unload the respiratory
muscles, moderately reduces PEEP(i), and is often considered as comfortable. The semi-
seated position may help the weaning process in ventilator-dependent patients. The
results of another study on the changes in body positions of adult patients receiving
mechanical ventilation in the intensive care unit showed that the sitting position (with a
thorax angulation of >30◦ from the horizontal plane) was associated with an improvement
in functional residual capacity (FRC), oxygenation, and reduced breathing effort [22].

To the best of our knowledge, there are no other studies on SpO2 variations in relation
to these two positions; however, according to the Italian Guidelines for Apparent Life-
Threatening Events (ALTE) [23], gastroesophageal reflux may be related to episodes of
apnea. In these cases, the supine position at 30◦ inclination, dubbed the “anti-reflux
position”, is advised in order to reduce the frequency of these episodes. Gastroesophageal
reflux is considered physiological in the first year of life (unless severe or recurrent).

The purpose of our study was to compare SpO2 variations, registered with an oximeter,
in relation to pacifier use and different positions (supine and supine inclined at 30◦).

2. Materials and Methods

The selected sample comprised infants between 0 and 3 years of age, weighing over
1.800 g, and hospitalized in the Pediatric Unit in Varese (Italy), for various reasons (a
urinary tract infection, an upper airway infection, a fever > 38 ◦C with or without seizures,
chickenpox, suspected ALTE, bronchiolitis). Infants with cardio-respiratory anomalies
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were excluded. All the patients were born at term. The patients’ parents all signed an
informed consent, and no economic incentive was given in exchange for participation. The
study was authorized by the provincial Ethics Committee of Varese (Italy).

Each patient was monitored in terms of peripheral oxygen saturation (SpO2) with a
Getemed Vitaguard 3100 oximeter. For patients aged under 12 months, observation time
lasted 40 min, of which 20 min were spent in the supine position (10 min with a pacifier
and 10 min without), and 20 min at 30 degrees inclination (10 min with a pacifier and
10 min without).

For patients aged over 12 months, the observation time lasted 40 min, of which 20 min
were spent in the supine position (10 min with a pacifier and 10 min without), and 20 min
were spent in the sitting position (10 min with a pacifier and 10 min without).

For each patient, we recorded the maximum and minimum SpO2, and calculated the
average saturation rate in the different registration times. We then compared the data to
check for SpO2 variations in relation to the presence or absence of the pacifier and the
different positions.

To limit the confounding effect related to nychthemeral influences, half the sample
was randomized for monitoring with a pacifier, while the remaining half began without a
pacifier. The patients used their own personal pacifiers. We recorded the specific models
(orthodontic, cherry-shaped, teardrop-shaped).

The data were statistically analyzed with non-parametric tests for paired data, with a
significance level of alpha = 0.05 (two tailed test).

3. Results

We tested 54 infants, aged between 0 and 3 years, weighing over 1.800 g, of which 21
were female and 33 were male. The average age of the participants was 5.7 months. The
study sample was limited to a population between 0 and 3 years old in accordance with the
Italian ministerial guidelines, which suggest the use of the pacifier in this age range [24].

The average SpO2 reading in the supine position at 0◦ inclination was 96.3 (±2.1)
and 97.4% (±2.0) without and with a pacifier, respectively. In the supine position at 30◦,
the average SpO2 reading was 96.3 (±2.2) and 97.3% (±2.1) without and with a pacifier,
respectively. In the trials with a pacifier in the supine position at 0◦, an improvement
in the average SpO2 of +1.1 percentage points was found for all the patients. In the
sitting position/at 30◦ inclination, the average SpO2 improved by +1.0 percentage points
compared to the trials conducted without a pacifier, and this difference was statistically
significant (p value < 0.05) (Figure 1). A significant improvement of +1.1 percentage points
was recorded in the average SpO2 with a pacifier at 0◦ inclination compared to no pacifier
at 30◦ inclination/in sitting position. The average SpO2 improved by +1.0 percentage
points with a pacifier at 30◦ compared to no pacifier at 0◦.

Lastly, we analyzed the variations in SpO2 in relation to the different positions. In the
trials with a pacifier, the SpO2 levels were no better in the sitting position/in the supine
position at 30◦ than in the 0◦ position. Without a pacifier, the average SpO2 level in the
sitting position/at 30◦ (SpO2 96.3%) was the same as the 0◦ position (SpO2 96.3%). All the
infants seemed comfortable during the SpO2 reading.
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4. Discussion

Our results highlight that pacifier use improves SpO2 levels in infants during wake
time. They also show that the supine position at 30◦ inclination does not improve SpO2
levels during wake time. Pacifier use, thus, seems to have a positive effect on peripheral
capillary oxygen saturation. No problems or irritation of the oral mucosa related to the
pacifier use were observed by the parents or medical staff during the tests.

The results are line with the literature, although there are few articles on this subject.
Analyzing arterial oxygen saturation, Cozzi (2002) demonstrated that pacifier use during
sleep improved the maintenance of patent airways and an adequate oral airflow in healthy
infants born at term, especially for patients suffering from nasal occlusion [17]. This result
was correlated with the fact that a pacifier pushes the tongue forwards and upwards,
favoring the airflow around the pacifier, and between the tongue and the palate. Tonkin
(2007) hypothesized that the association between pacifier use and a reduced risk of SIDS
could be related to the forward movement of the maxilla and, consequently, of the tongue,
which helps to maintain patent upper airways. [16]

We thus measured the distance between the ear and the most prominent point of the
chin in pre-term infants before and after using a pacifier for around 15 min. A small but
significant advancement of the maxilla was observed, which was maintained after the
pacifier had been removed. This confirmed the positive effect of the pacifier on the upper
airways. Data from lateral neck radiographs also suggest an association between ALTE
and narrowing of the upper airways [25]). Levrini and Nosetti conducted a study at the
Pediatric Unit of the Hospital Filippo del Ponte (Varese, Italy) between 2017 and 2018. They
found that pacifier use in infants aged between 0 and 2 years, who were hospitalized after
an ALTE/BRUE episode, significantly reduced the incidence of apnea and hypopnea (AHI),
that is, the absolute number of apneas/hypopneas per hour, measured using a complete
polysomnography during afternoon rest [18].

With regard to the position, our results showed no improvement in SpO2 levels in the
supine position at 30◦/in sitting position compared to the those measured in the supine
position at 0◦.

This study confirms that the use of pacifiers led to an improvement in the average
SpO2 in both positions tested. The results also suggest that the improved SpO2 levels are
directly correlated to pacifier use and are not impacted by the different positions tested.



Appl. Sci. 2021, 11, 6042 5 of 7

Pacifiers thus represent an excellent tool not only in preventing SIDS, in calming the
baby, in reducing the perception of pain during painful procedures, and in reducing finger
sucking habits, but also in improving breathing both during sleep and while awake.

Pacifiers should thus be used after the first month of life, once breastfeeding has been
consolidated, and no later than 36 months of age to prevent misalignment of the dental
arch.

Recommendations for the Correct Use of the Pacifier

The use of pacifiers has always been a topic of interest for both parents and the
scientific world. To date, with a few exceptions, all aspects of the correct use of the pacifier
have been fully clarified. Simple and practical clinical recommendations can thus be
given [26].

Some key recommendations are as follows: the use of a pacifier reassures the infant
and the family. However, pacifiers should not be used as a substitute for the parent–child
relationship and parents should only resort to it when the newborn would clearly benefit
from it, and not when the infant’s desire to communicate is evident. In fact, a pacifier
should not be used to stop a newborn from crying, which in most cases is an expression of
a need that should not be ignored [7,27,28].

To prevent malocclusion, it is advisable to use a pacifier for 24 months and stop before
36 months. Its use also stimulates the physiological tone of the perioral musculature and
indirectly, the correct growth of the maxillary bones [10,29,30].

The shape of the pacifier is important and should be adapted to the anatomy of the
oral cavity. It should stimulate oral functions such as swallowing, lip competence, and
breathing [4,31,32]; breathing is just one of the functional benefits that derive from the use
of a pacifier [15–18].

It is important that pacifiers be used sparingly until breastfeeding has started; if there
is a decrease in the availability of breast milk, the use of pacifiers should be reduced to
facilitate physiological breastfeeding [11,33,34]. In order to reduce the risk of SIDS, a
pacifier should be used during the first year of life for both day and night sleep [13,35,36].
In order to prevent pain and lesions, it is very important that pacifiers should never be
used with sweeteners [37–39].

Finally, the risk of acute otitis media is higher in those subjects who use a pacifier
very frequently, and thus it is not recommended in young children with recurrent oti-
tis [12,30,40].

Taking into account the baby’s oral health and growth and its relationship with the
use of a pacifier, appropriate oral hygiene in growing infants [41], particularly in those
with a disability and special needs, is fundamental for the overall health of their dental
and skeletal growth [42]. In addition, it is important to evaluate the periodontal biotype of
the patients and the stability of the pacifiers’ use [42–44].

5. Conclusions

In the light of these observations, when prescribing the use of an anatomical/functional
pacifier within the first three years of life, an orthodontist and a pediatric dentist could add
the evidence that it triggers the ability to improve, even if slightly, the complex respiratory
system to its beneficial effects.
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