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Abstract

Introduction: Non-nutritive sucking (NNS) plays an important role
in stabilizing the preterm, providing oral muscle training opportunity for
nutritive sucking (NS). We aim to determine if the prototype tested allows a
precise evaluation of suction pattern characteristics (rhythmic structure and
pressure). We also aim to investigate the role of maturation in the variation of
NNS an NS pattern in preterm infants.

Methods: The patented prototype is non-invasive, low-cost and easily
applicable to clinical ecological practice, measures the pressure exerted on
a pacifier in newborn’s mouth. Samples were acquired continuously during
a 10-minute period in 12 preterm (mean gestational age [GA] 29.9 = 1.6
weeks) and 4 term neonates (GA 39.5 + 1.4 weeks). Bursts, suctions per burst,
pauses, suction frequency and pressure were analyzed to describe temporal
structure and dynamic characteristics of NNS.

Results: The NNS pattern was characterized by bursts duration 4.3 +
2.2 s, number of sucks per burst 7.4 + 3.2, sucking frequency 2.1 + 0.4 Hz
and sucking pressure 10.3 + 4.5 mmHg. There were significant differences
between the preterm and term groups in NNS sucking frequency (2.1 Hz vs
1.6 Hz; p = 0.008).

Conclusion: The device is non-invasive and can easily be used in clinical
practice in low GA newborns, in an ecological environment. It allows the
evaluation of NNS patterns maturation and, at the same time, the use of the
device pacifier promotes NNS, which is important in the process of acquiring
feeding autonomy in preterm infants.
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Introduction

The organization of suction in a structured
and stable pattern is an implicit condition for
hospital discharge for preterm infants, as feeding
autonomy depends on this skill. The suction
pattern is a complex motor behaviour as well as a
critical requirement for survival and well-being,
and its evaluation can provide important clues
to the integrity of the central nervous system
[1-3].

The presence of suction behaviour can be
observed from 28 weeks onwards, but it is more
stable after 34 weeks [4-7]. Using a soft pacifier,
a primitive non-nutritive sucking (NNS) can
be triggered in premature infants by 26 weeks
gestational age (GA) [8]. However, rhythmic
stability is only observed after 30 weeks, with
sucking activity increasing with GA, from 30 to
more than 36 weeks postconceptional age (PCA)
[1, 6]. In full-term newborns, the rhythm is fully
competent 5 minutes after birth [3].

The evaluation of sucking competence is most
often performed by clinical observation based on
the experience of the health team, thus being very
dependent on that same experience. Scales, such
as NOMAS, [9] or Early Feeding Scale (EFS)
[10], are also used, either in their complete form
or using a limited number of items, such as Non-
Nutritive Sucking Score System [11].

Although nutritive sucking (NS) and NNS
appear to be two independent processes (for
example, they have different suction frequencies)
[12], the possible central pattern generators,
psychophysiological regulation and mechanical
movement themselves may present common traits
[13]. There are several studies to demonstrate
the positive influence of NNS stimulation on
the improvement of the NS pattern and suction
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efficiency, with impact on earlier feeding autonomy
and shorter hospital stays [13-17].

The direct measurement of the NS pattern
has some drawbacks and limitations, namely the
need for sophisticated, invasive and expensive
equipment [14, 18, 19]. On the other hand, clinical
evaluation scales, such as NOMAS and EFS,
require specific training for their application, and
involve many human resources [9, 10]. A suitable
alternative is to extract this information using
pacifier instrumentation, which allows inference
for NS on the breast or nipple.

In order to address these limitations, we
present a NNS measurement prototype, that
is non-invasive, easily applicable to clinical
practice and inexpensive, and which can be used
in ecological clinical conditions. This device
can be used even in the Baby-Friendly Hospital
Initiative context, as the use of a pacifier as NNS
stimulation is authorized in preterm infants [13-
17]. The main aim is to determine if the developed
prototype allows the precise evaluation of the main
characteristics of the suction pattern, including the
rhythmic structure and pressure characteristics. As
secondary aims, we attempt to investigate the role
of maturation in the variation of the NNS pattern in
preterm infants, and also to observe the correlation
between NNS and NS patterns.

Methods

The present study is a cross-sectional, descriptive
study of rhythmic patterns and suction pressure
dynamics in a convenience sample of 12 preterm
infants between 32-36 weeks PCA and 4 term
newborns, between 37-41 weeks GA, as suction
reference standards. The sucking experience was
considered as the time the newborn was placed
with oral stimulation on the breast or bottle. The
assessment point was within 30 minutes prior to
feeding, when the newborn was in an alert state.

The following exclusion criteria of preterm
babies were oxygen dependence at 36 weeks,
intraperiventricular haemorrhage higher than grade II.
In both groups, newborns were excluded if they had
central nervous system malformations, chromoso-
mal anomalies or polymalformative syndromes,
intrauterine growth restrictions, or asphyxia defined
by an Apgar score lower than 5 at 5 minutes of life.

An exploratory study was conducted on the
application of a prototype developed by the De-
partment of Instrumentation and Measurement, at
ESTS/IPS (Escola Superior de Tecnologia de Settibal,
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Instituto Politécnico de Setubal, Setibal, Portugal),
whose patent has been registered. The system
measures the pressure exerted on the dummy placed
in the mouth of the newborn with an acquisition
sample rate of 10 samples/second and is a minimally
invasive measurement device. The proposed solution
is adapted to a common commercial pacifier like
those that are used in most of the paediatric and
neonatal units. The characteristics of the measuring
system do not introduce any changes in NNS patterns
and dynamics.

Simultaneously, the absence of sensors, com-
ponents or electrical interconnections inside the
pacifier mouthpiece ensures safety conditions
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that are not present in systems of the same type in
which the sensor, although insulated (silicone), is
placed inside the mouth of the premature infant.
In this solution, the suction pressure is transmitted
pneumatically by means of a low section silicone
tube, which is connected to the mouthpiece of
the pacifier, and the metering system is placed
remotely. This flexible silicone tube (the fluid
system used in Neonatal Intensive Care Units
[NICUs]) interconnects the pressure sensor, from
the measuring system to the pacifier. The signal
from the pressure sensor is amplified and filtered
and then digitized by a BIOPAC A/D converter
(MP 100) (Fig. 1).

Figure 1. A. Prototype with the pacifier connected to the pressure sensor and BIOPAC A/D converter. B. Pacifier adaptation
for non-nutritive sucking (NNS) measurement. C. Pacifier adaptation for nutritive sucking (NS) measurement.

Prototype to evaluate the newborn suction
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Figure 2. A. Schematic diagram of the measurement
system. B. Printed circuit board and components.

Measurement system
Description

The measurement system includes a pressure
sensor, model 26PCAFA6G by Honeywell [20],
followed by a two-stage amplifier circuit (see Fig.
2). The sensor picks up the pressure generated by
the pacifier and converts it into a voltage. The main
characteristics of the sensor include: a piezoresistive
based working principle, a measuring range of
+ 1 psi relative to atmospheric pressure (gauge
pressure), a ratiometric output, an interval of 8.35
mV when supplied at 5 VDC, and linearity equal to
0.25% of the interval.

An instrumentation amplifier with a gain of 200,
followed by a non-inverting amplifier with a gain of
2.5, is used to amplify the output signal delivered
by the pressure sensor. The outputs of the amplifiers
are both available: the first one goes from 0 to 1.670

V, while the second one goes from 0 to 4.175 V. The
instrumentation amplifier allows offset adjustment
by means of a multi-turn potentiometer.

Calibration

In order to obtain the relationship between the
voltage measured in the BIOPAC, which works
with a unit gain, and the associated pressure value,
the measurement system was calibrated in the
laboratory. The equipment used in the calibration
includes the measuring circuit, the sensor plus its
conditioning circuit, a portable pneumatic tester
[21], a hand-operated vacuum pump [22], a two-
metre water column [23] and a precision digital
multimeter. The pressure calibration accuracy was
greater than 36.7 umHg.

The calibration results are represented in Fig.
3. Using a linear curve fitting of the calibration
points, the following calibration characteristic is
obtained:

V, =4899 -p +8.61 mV

where V  represents the output voltage of the
conditioning circuit, p represents the input pressure
in mmHg units, and the constant, 8.61 mV, is an
offset deviation caused by the non-linearity error
of the sensor plus conditioning circuit. This error
is cancelled out by the BIOPAC system during the
zero baseline adjustment.

The linearity of the measuring chain is
experimentally confirmed, with a correlation
coefficient, associated with the calibration points,
that is almost equal to one (cc = 0.99996).

Removing the offset component that results from
calibration curve fitting, the relationship between
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Figure 3. Measurement system calibration results.

the pressure measured and the output voltage is
given by:

p=V,/48.99 mmHg

where V  represents the output voltage of the
conditioning circuit in mV.

The output signal from the measuring system is
digitized by a BIOPAC A/D converter (MP 100) that
includes a 16-bit A/D converter with an accuracy
of greater than 0.003% of full-scale range (FS =
10 V). These characteristics of the BIOPAC A/D
converter assure pressure measurement resolution
of greater than 6 umHg. This resolution limitation
is negligible relative to other error sources, such
as the ones caused by positioning variations of
the pacifier inside the newborns’ mouth. NNS was
sampled in 10 minute episodes that were converted
into graphs in the AcqKnowledge 3.8 program, and
it was possible to determine the temporal structure
of NNS, i.e., the NNS behaviour of the newborn
over time with regard to the following variables:

Prototype to evaluate the newborn suction

number and duration of bursts, number and duration
of pauses between bursts, number of sucks per
burst, frequency of suction (Hz), minimum and
maximum pressure recorded and suction amplitude
(mmHg). The data were stored and analysed in
AcgKnowledge files, such as those shown in Fig. 4,
which represent the measurement results for a 35-
week GA baby. In order to increase measurement
accuracy and to minimize noise effects, low-pass
filtering capabilities of the BIOPAC equipment were
used. As a reference for the mature NNS pattern,
the standard pattern in healthy term newborns was
considered.

We also used this device to record NS for one
minute, and NS was obtained by administering milk
through a probe attached to the teat of the pacifier
placed in the mouth of the newborn. The milk was
given at a constant rate of 1 ml/min via an infusion
syringe. The probe used was a PVC enteral feeding
tube, 40 cm in length and 5 Fr in diameter, attached
to the pacifier with sterile Steri-Strip™ adhesive
(Fig. 1A and 1C).
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Figure 4. A. Non-nutritive sucking (NNS) pattern (multiple bursts). B. Second burst from Fig. 4A magnified. The x-axis
shows the time in seconds and the y-axis shows the pressure range in volts.

Data analysis

Statistical methods were used to compare the
data from the two types of sucking (non-nutritive
and nutritive) and between the two GA groups
(preterm and term). For the comparison of the
sucking patterns, the normality of the variables was
assessed through Shapiro-Wilk tests, and then the
differences between the mean values were examined
using independent samples t tests. Regarding the
comparison of the age groups, due to the very small
number of term infants, nonparametric Mann-
Whitney tests were used.

For statistical analysis, the IBM-SPSS® Soft-
ware v. 22 was used. The statistical significance was
set at p < 0.05.

The study was carried out in the NICU of a
level III Baby-Friendly Hospital. It was approved
by the hospital ethics committee, approval number
1012/2009, and informed consent was obtained
from the parents of each newborn.

Results
Aspreviouslymentioned,aconveniencesample

was used, whose demographic characteristics are
shown in Tab. 1. At birth, the preterm group had
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a mean GA of 29.9 + 1.6 weeks and a mean birth
weight of 1,258.7 = 271.8 g, evaluated with a
PCA of 34.3 = 1.1 weeks. The term group had a
mean GA of 39.5 + 1.4 weeks and a mean birth
weight of 2,911.2 £ 441.1 g (Tab. 1).

We compared 570 bursts of NNS to 52
bursts of NS; there were statistically significant
differences between the NNS and NS patterns in
the majority of the different parameters evaluated
(Tab. 2).

The NNS pattern, evaluated over a 10-minute
period, was characterized by an average number of
35 bursts, but with relatively high variability, and
the average number of pauses was 37, also with
high variability. The NS pattern was examined
for 1 minute only, and this methodological option
restricts the use of the number of bursts and the
number of pauses variables. The parameters
for NNS and NS are different, with significant
differences in the duration of the bursts (M = 4.3
+22svs 13.9+£7.0s;p<0.001), as well as the
number of sucks per burst (M =7.4 + 3.2 vs 16.9
+ 7.7; p < 0.001), sucking frequency (M = 2.1 £
0.4 Hz vs 1.3 £ 0.2 Hz; p < 0.001) and sucking
pressure (M = 10.3 = 4.5 mmHg vs 13.7 = 3.9
mmHg; p = 0.002) (Tab. 2, Fig. 5). The duration
of pauses did not present significant differences
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Table 1. Sample demographic characteristics in median, interquartile range and frequency (%).

Preterm Term
n=12 n=4
Median .. . Median .. .
(interquartile range) Lttty | LA T) (interquartile range) Lednhury L Ert T o)
GA (weeks) 29.8 (2.1) 27.6 33.7 39.8 (2.7) 37.6 41.0
Birth weight (g) 1,420 (505) 900.0 1,585.0 3,062 (773.8) 2,270.0 3,250.0
Prenatal steroids (%) 7 (58%) - - NA - -
Apgar score 8.5 (3.25) 6 10 10 (1.5) 8 10
IPVH = grade Il (%) 4 (33.3%) - - 0 - -
Time of ventilation (days) 1(9) 0 9 0 - -
Days of life 31.5(15.3) 10 54 2(2.3) 1 4
Corrected age PCA (weeks) 34.5(1.6) 32.4 36.0 40.0 (2.4) 37.8 41
Time of experience (days) 20 (15) 3 36 2(2.3) 1 4
GA: gestational age; PCA: postconceptional age; IPVH: intraperiventricular haemorrhage; NA: non applicable.
Table 2. Comparison of non-nutritive sucking (NNS) and nutritive sucking (NS) patterns.
Mean = SD Minimum Maximum Cl1 95% Pt
p-value

NNS (10 min) = 570 bursts
Bursts/min 39+14 1.8 6.2 0.41
Bursts duration (s) 43+22 2 11 -12.9/-6.2 < 0.001
No. of pauses 37.6 £12.5 16 63 - -
Pauses duration (s) 10.8 +5.1 6 23 -13.7/4.7 0.300
No. of sucks per burst 7.4+3.2 2.0 11.5 -13.0/-5.8 < 0.001
Sucking frequency (Hz) 21+04 1 3.0 0.1/0.6 < 0.001
Sucking pressure (mmHg) 10.3+4.5 6 20.0 -5.2/-1.4 0.002
NS (1 min) = 52 bursts
Bursts/min 3.2+0.9 2 5
Bursts duration (s) 139+7.0 3.0 29.0
No. of pauses - - -
Pauses duration (s) 15.4 +18.3 4.0 69.0
No. of sucks per burst 16.9+7.7 6 32
Sucking frequency (Hz) 1.3x+0.2 1 2
Sucking pressure (mmHg) 13.7+£3.9 8.0 21.0

N = 16.
Significant differences (p < 0.05) are bolded.

SD: standard deviation; NNS: non-nutritive sucking; NS: nutritive sucking.

M =108 5.1 svs 154 £ 18.3 s; p = 0.300)
(Tab. 2).

The comparison between the preterm (< 37
weeks) and the term group (Tab. 3) in the NNS
pattern, showed that only the sucking frequency was
significantly lower in the term group (Md = 2.1 Hz
vs 1.6 Hz; p = 0.008) (Tab. 3). However, in the NS
pattern, significant differences were found between
the two age groups in the duration of the bursts (Md =

Prototype to evaluate the newborn suction

10.0 s vs 20.5 s; p=0.020) and in the number of sucks
per burst (Md = 13.7 vs 27.1; p = 0.004), both higher
in term newborns (Tab. 3). The study did not reveal
significant differences between the two age groups in
the sucking frequency (Md = 1.1 Hz vs 1.1 Hz; p =
0.520) or in the sucking pressure (Md = 15.7 mmHg
vs 10.2 mmHg; p = 0.058), although a tendency is
observed towards lower pressure values in term
infants.
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Figure 5. Non-nutritive and nutritive sucks per burst by postconceptional age (PCA).
NNS: non-nutritive sucking; NS: nutritive sucking; SD: standard deviation.

Table 3. Comparison of preterm and term newborns regarding non-nutritive sucking (NNS) and nutritive sucking (NS)
patterns.

Preterm / Term M-W test

Median Mean rank p-value
Time of experience (days) 20/2 10.3/2.8 0.002
NNS (10 min)
Bursts duration (s) 3.8/5.2 7.4/11.7 0.130
Pauses duration (s) 37.5/33.0 8.2/9.2 0.770
No. of sucks per burst 6.6/8.1 7.8/10.5 0.370
Sucking frequency (Hz) 21/1.6 10.2/3.2 0.008
Sucking pressure (mmHg) 9.7/7.5 9.1/6.5 0.370
NS (1 min)
Bursts duration (s) 10.0/20.5 6.9/13.1 0.020
Pauses duration (s) 8.7/7.9 8.6/8.0 0.860
No. of sucks per burst 13.7/271 6.6/14.0 0.004
Sucking frequency (Hz) 1.1/141 9.0/7.0 0.520
Sucking pressure (mmHg) 15.7/10.2 9.8/4.5 0.058

Significant differences (p < 0.05) are bolded.
M-W test: Man-Whitney U Test; NNS: non-nutritive sucking; NS: nutritive sucking.
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Discussion
Sensor characteristics

This study proposes an ecological, low-cost
method to analyse the sucking pattern. The device
developed is simple, non-invasive, and can easily
be used with a normal pacifier usually present
in nurseries for newborns [16, 24]. The proposed
method allows both the NNS and NS to be measured.
Even in less mature infants, it was possible to obtain
a pressure threshold that allows sucks, bursts, and
pauses in the sucking pattern to be identified, as
described by Barlow et al. [14].

The method used to examine NS was the
attachment of a nasogastric tube to the pacifier and
the administration of milk through a syringe. The
presence of milk induces the change into the NS
pattern [13]. It is also possible to obtain the amount
of milk sucked by introducing a tube into a bottle
with a measured quantity of milk. This technique
or “tube-pacifier” technique is an adaptation of
the finger-feeding method that can be used to feed
preterm newborns [25]. The use of the pacifier in
this device complies with the recommendations
for its use, even in the Baby-Friendly Hospital
Initiative context [26]. Another option is to use the
same approach as the one utilized by Chen et al.
[27] with a silicone tube attached to the bottle teat
or even to the breast, allowing the sucking pattern to
be measured even when the baby is breastfed.

Differences between NNS and NS

The method used to describe the NNS pattern
was based on counting the sucks, the number of
sucks per burst, inter-burst pauses and the pressure
of suck, the same method as used by Barlow et al.
[14] with the N-Trainer device, and more recently
by Pineda et al. [28]. It seems a simpler method than
others, such as the NOMAS scale [9] or the NNS
used by Neiva et al. in 2014 [11], which needed
at least 10 items to obtain a score. The sucking
characteristics observed in the present study were
similar to those reported by others and obtained by
different methods [5, 6, 12, 14, 15, 29-31]. Similar
results are described by Pineda et al. in a very recent
publication [28].

The NNS pattern was similar to that obtained
by Barlow et al. with the N-Trainer device [14, 31]
in terms of the number of bursts per minute [14]
and the number of sucks per burst [14, 31]. The
sucking frequency of 2 Hz was the same as found

Prototype to evaluate the newborn suction
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by ultrasound measurement of muscle thickness
[12], nipple-bottle apparatus [15] and pressure
measurement [30]. The positive values of pressure
were similar to the values found by Mizuno and
Ueda [30].

Concerning the NS pattern, the duration of the
bursts was similar to those obtained by the nipple-
bottle apparatus [15, 29] and nipple pressure
transducer [6]. The sucking frequency of 1 Hz
was also similar to that obtained by ultrasound
measurement of muscle thickness [12], and
other ultrasound measurements, as published by
Geddes et al. [19, 32], as well as by the nipple-
bottle apparatus [15], nipple pressure transducer
and pressure measurement [6, 30]. The positive
values of pressure were similar to the values found
by the nipple-bottle apparatus [15] and pressure
measurement [30]. Although we believe that the NS
obtained through the method described may not be
the same as the one used by the newborn on the breast
or the teat, obtaining a suction pattern different from
NNS with the same type of teat, triggered only by
the presence of milk, can contribute to clarifying the
NS mechanism and its dependence on milk flow.

The great advantage of this prototype is its low
cost and ease of use compared to other devices
or other suction measuring methods in newborns,
which are expensive, need sophisticated materials
(such as ultrasound) and require training and special
skills. When in use, it also allows NNS, which has
been shown to be an important stimulation method,
improving the transition from gavage to oral feeding
and decrease in hospital stays [17, 26].

As observed by Barlow [13], the emergence of
the classic NNS burst-pause pattern is accompanied
by a significant increase in the efficacy of NS.
We found such an organization in the early GA
beginning at 32 PCA weeks. This was accompanied
by an efficient NS pattern that was significantly
different from the NNS pattern in the duration of
bursts, number of sucks per burst, frequency of
sucking and power of suck. A more recent study also
found that in preterm infants more stable sucking
pressure in NNS over time was related to feeding
success at 38 weeks PMA [28].

Differences between preterm and term newborns

The comparison between preterm and term
newborns showed different types of sucking patterns
for NNS and also for NS. In the term newborns,
there were longer NNS bursts with more sucks per
burst, a lower power amplitude and a significantly
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lower frequency. With the NS, considering the same
amount of milk per minute (1 ml), preterm and term
infants used different strategies: the preterm infants
presented significantly shorter bursts with fewer
sucks per burst, but with more power per suck than
term newborns. These findings are consistent with
the development process of NNS and NS patterns
reported by Lau [3], but are somewhat contradictory
to the results found by Capilouto et al. [12], who did
not find significant differences between NNS and
NS in preterm infants with the same PCA.

Limitations

The major limitation of the study is the small
number of newborns studied. However, if we
consider that we have analysed all the sampling
time, which was 10 minutes in NNS, and if we
also take into account the total number of bursts
analysed, 570 in NNS and 52 in NS, we can
consider a reasonable value for analysis of the
sucking pattern by the device tested, which was the
main aim of the study.

In order to validate the values found for NS,
it is necessary to use a larger sample with the
adaptation of the “tube-pacifier” technique to the
prototype described. This type of instrument, with
a modification similar to that proposed by Chen et
al. [27], will allow the study of NS in infants while
breastfeeding, which is the recommended option
even in premature infants [33, 34].

Data from the comparison between full-term and
preterm infants should be interpreted with caution
because of the small sample size of the term group,
which, as mentioned, is one of the limitations of
the study. The lack of validation with other suction
self-report measures is another of the limitations,
although these values are similar to those reported
by different authors.

Conclusion

The device tested seems to be adequate for
measuring sucking parameters that can be used
to describe NNS patterns in preterm and term
newborns, as we obtained similar results to those
referred to in other studies using different methods.
It also allows the observation of changes in the
sucking rhythm and pressure in the presence of
milk, even in very immature newborns, suggesting
different central pattern generators between
NNS and NS and the importance of flow in this
pattern.
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At the same time, the use of the device pacifier
promotes NNS, which is important in the process of
acquiring feeding autonomy in preterm infants.

The ease of use of this device will allow the study
of a large number of newborns, thus enabling the
creation of an algorithm that will allow automatic
analysis of the sucking pattern.
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