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Abstract
Background: the sucking development pattern of the preterm newborn (PTNB) in the neonatal period
is important for an effective sucking and oral motor development. The establishment of a safe and
efficient feeding in pre-term newborns is related to a rhythmic and coordinated sucking. Nonnutritive
sucking stimulation can have an influence on the development of sucking and the development of
sucking rhythm of pre-term newborns. Aim: to analyze the development of the sucking rhythm, in
non-nutritive and nutritive sucking in preterm newborns, as a consequence of non-nutritive sucking
stimulation and in terms of corrected gestational age. Method: 95 preterm newborns randomly divided
in three groups: Group 1, control group (35 PTNB), did not receive non-nutritive sucking stimulation;
Group 2 (30 PTNB), received non-nutritive sucking stimulation using an orthodontic pacifier for
premature infants (Nuk®); and Group 3 (30 PTNB), received non-nutritive sucking stimulation using
a gloved finger. Results: the mean gestational age was of 30.5 weeks (± 1.57), the mean corrected
gestational age at the moment of enrollment in the study was of 31.6 weeks (± 1.31), and the mean
birth weight was of 1.390 grams, with no statistical differences between the groups. The number of
sucking bursts and pauses per minute increased by 0.16 per week and the duration of the bursts by 0.81
seconds; the duration of pauses decreased by 3.8 seconds per week while the number of sucks/second was
constant, 1.15 and 0.95 for non-nutritive and nutritive sucking, respectively. No statistically significant
differences were found between the groups for any of the studied variables. Conclusion: the stimulation
of non-nutritive suction in preterm newborns did not modify the post-natal development of sucking
rhythm. The process of maturation, represented by the corrected gestational age, was considered the
most responsible factor for this process.
Key Words: Sucking Behavior; Newborn; Premature; Feeding Methods.

Resumo
Tema: o desenvolvimento do padrão de sucção em recém-nascido pré-termo no período neonatal é
importante não só para o estabelecimento de uma sucção eficiente, mas também para o desenvolvimento
motor-oral. A alimentação segura e eficiente do recém-nascido pré-termo está relacionada a uma
sucção com ritmo e coordenação. A estimulação da sucção não-nutritiva pode influenciar a evolução do
padrão de sucção e o desenvolvimento do ritmo de sucção nos recém-nascidos pré-termo. Objetivo:
analisar a evolução do ritmo de sucção, na sucção não-nutritiva e na sucção nutritiva, em função da
estimulação da sucção não-nutritiva e do avanço da idade gestacional corrigida. Método: foram envolvidos
95 recém-nascidos pré-termo (RNPT) distribuídos de forma aleatória em três grupos: Grupo 1, grupo
controle (35 RNPT), sem estimulação da sucção não-nutritiva; Grupo 2 (30 RNPT), com estimulação
da sucção não-nutritiva com chupeta ortodôntica para prematuros Nuk® e Grupo 3 (30 RNPT), com
estimulação da sucção não-nutritiva por meio do dedo enluvado. Resultados: os recém-nascidos tinham
idade gestacional de nascimento média de 30,5 semanas (± 1,57), idade gestacional corrigida ao entrar
no estudo média de 31,6 semanas (± 1,31) e peso de nascimento médio de 1.390 gramas, sem diferenças
estatísticas entre os grupos. O número de eclosões e pausas por minuto aumentou 0,16 a cada semana
e a duração das eclosões 0,81 segundos; a duração das pausas diminuiu 3,8 segundos a cada semana e o
número de sucções/segundo foi constante, na sucção não-nutritiva 1,15 e na sucção nutritiva 0,95. Não
foram encontradas diferenças estatísticas entre os três grupos em nenhuma das variáveis estudadas.
Conclusão: a estimulação da sucção não-nutritiva em recém-nascido pré-termo não modificou a evolução
do ritmo de sucção, tendo sido o processo de maturação, representada pela idade gestacional corrigida,
o maior determinante desse processo.
Palavras-Chave: Comportamento de Sucção; Recém-Nascido; Prematuro; Métodos de Alimentação.
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Introduction

The sucking of preterm newborns (PTNB) have
been studied in relation to the mechanisms and
components, effects of non-nutritive sucking
(NNS) stimulation and the beginning of oral feeding
(Rocha, 2002; Medoff-Cooper et al, 2002; Bühler,
2003; Bühler e Limongi, 2004a; Caetano et al, 2003;
Neiva, 2003; McCain, 2003; Fucile et al, 2005;
Bromiker et al, 2005; Neiva e Leone, 2006).

Sucking function in PTNB at birth is not
established because of their  immaturity. In order
to achieve complete oral feeding at an earlier age
they receive NNS stimulation, contributing to
sucking pattern organization, stomatognathic
system development and breast feeding (Leone,
2002; Rocha et al. 2002; Delgado e Halpern, 2003;
Neiva et al, 2003; Hernandez, 2003a; Neiva, 2004;
Bühler e Limongi,  2004b; Miller e Kiatchoosakun,
2004; Neiva e Leone, 2006; Pinelli e Symington,
2006; Pfitscher e Delgado, 2006).

One of the main focus of the assistance to these
newborns is the promotion of a securely and
efficient  oral feeding which is related with sucking
ability, and sucking, swallowing and breathing
coordination (Leone et al, 2002;  Mizuno e Ueda,
2003; Lau et al, 2003; Hernandez, 2003b).

In the sucking function of newborns (NB) the
rhythm is of basic importance for the coordination
and efficiency of this function. The rhythm is
characterized by alternating sucking bursts with
pauses that enable the organization and
coordination of the NB (Vice et al, 2001).

Several factors can influence the rhythm with
which NB perform the sucking bursts and pauses,
these include: age, hunger and sucking time, fatigue
and satiation, milk flow, sucking pressure and the
type of nipple (Hack et al, 1985; Hernandez, 2003b;
Scheel et al, 2005).

Based on the importance of sucking rhythm
for an adequate feeding of the preterm newborn,
and the contribution of NNS stimulation to achieve
this function, this study was performed in order to
analyze the development of the sucking rhythm in
PTNB, with a GA less than 33 weeks, in function of
the stimulation of NNS and the corrected GA.

Method

Randomized clinical study, of intervention,
including 95 PTNB that were appropriate for GA,
born at the Nursery Annex to the Maternity,
Intensive and Neonatal Pediatrics Service,
Children's Institute, Clinics Hospital, School of

Medicine - University of São Paulo, from April 2000
to January 2002. The study was approved by the
Ethics Commission for Analysis of Research
Projects - CAPPesq of the Clinics Hospital and
School of Medicine, University of São Paulo
(number protocol: 370/01, 09-08-2001). Written
informed consent was obtained from the parents
or legal guardians.

The inclusion criteria were: GA at birth   33
weeks (defined by the date of the last menstrual
period and confirmed by fetal ultrasonography
and/or New Ballard Method); postnatal age of at
least 2 days of life; APGAR score greater than 6 in
the fifth minute of life; and clinically stable,
receiving exclusively enteral diet (human milk and/
or formula), through gastric tube, or associated to
parenteral nutrition. NB were excluded when
presented genetic syndromes, neurological
disturbances, motor-oral and congenital
malformations.

On entry to the study, the NB were distributed
at random into three study groups, in such a way
that there was a balanced distribution of GA at
birth and corrected GA: Group 1 (G1), Control
Group, without specific stimulation offered by the
researcher; Group 2 (G2), stimulation of NNS with
an orthodontic pacifier NUK  for premature infants;
and Group 3 (G3) stimulation of NNS with a gloved
finger.

After being selected for the study and
performing the first evaluation of sucking, the NNS
stimulation was executed every day just in Groups
2 and 3, except on weekends, during 10 minutes
and concomitant to the feeding through an oral
gastric tube during the milk feedings from 9:00,
12:00 and 3:00(pm), until the start of the oral
feeding.

Before transition to oral feeding, all the NB were
submitted on a weekly basis to evaluation of NNS,
with a gloved finger. After beginning oral feeding,
evaluation of NNS and nutritive sucking (NS) was
performed with a mini bottle feeding NEOPAM ,
using a formula and volume determined by medical
prescription. The methods used in the  evaluations
were detailed in other publication (Neiva e Leone,
2006).

All NNS and NS evaluations, were filmed by
the same researcher, according to a standardized
method, with a camcorder mounted. The "display
time" function (hours, minutes and seconds) of
the camcorder was used at all times, so that when
analyzing the tapes the timer could be used to
determine associations between the duration and
the frequency of a certain movement.
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First of all, the researcher looked at the clock in
the video registrations to identify the time in which
the bursts had begun and, in a second moment,
she used a timer to define the duration of every
movement. She used to repeat these procedures
for every measurement .

Records were kept of: the number and duration
of the bursts and pauses;  number of sucks per
bursts, number of burst  and pauses per minute;
and the frequency of sucks per second.

In the evaluation of both NNS and NS a sucking
rhythm was considered to be present whenever
the NB presented sucking bursts alternated with
pauses. A pause was considered to end when the
NB restarted sucking, started to cry, bit the finger,
or when the finger was withdrawn.

Statistical analysis

The number of NB included in this research
followed the criteria of a convenience sample. All
PTNB who suited the inclusion criteria were
evaluated, during the period from April 2000 to
January 2002.

To verify whether there were alterations during
the study in relation to the above parameters, the
model of adjustment for longitudinal data was used
(Singer; Andrade, 2000). Based on the mean profiles
observed, the linear curves were adjusted for
corrected gestational age (GA.corr), with control
of the corrected gestational age on inclusion to
the study (GA.corr.base), of the stimulation of NNS
(STIM) and the type of evaluation of sucking
performed (EV).

Since this was a longitudinal study, the
adjusted statistical models included different
structures of covariance: unstructured, compound
symmetry, autoregressive of order one (Singer;
Andrade, 2000). The statistics Akaike Information
Criterion (AIC) and the Baysian Information
Criterion (BIC)  (lowest values) were used as the
criterion for choice of the models. The software
used were: Excel 2000, SAS 8.0, and SPSS 10.0.

Results

A total of 95 NB were distributed into three
study groups: 35 in the control Group (G1); 30 NB
in G2; and 30 NB in G3. The characteristics of these

NB are shown in Table 1. No statistical differences
were observed in the composition of the groups.

Before 32 weeks of corrected GA, it was not
identified any pattern in the analyzed measures in
any of the 3 groups, therefore, no adjusted
statistical model was applied. Thus the statistical
models to analyze the data were only adjusted after
32th week.

The mean follow-up of NB during the study
was 34.9 days (SD 20.7; range 8-155 days).

Tables 2 and 3 show the statistics regarding
each dependent variable(number of bursts and
pauses per minute, mean duration of the bursts
and pauses, and number of sucks per second) and
the effects of NNS stimulation.

No statistically significant differences were
found for any of the variables between the 3
groups of NB, therefore the data were grouped
together and represented by a single straight
line (Graphs 01 to 04).

Graphs were prepared to present the mean
profiles (Graphs 01 to 04) and Table 4 provides
the exact value for each variable at corrected GA
weeks 32, 33, 34, 35, 36, 37, 38. 39 and 40.

Regarding the number of bursts and pauses
per minute (Graphs 01), it was found that, they
increased together with corrected GA, but were
greater in NNS when compared to NS. The expected
number of bursts and pauses per minute rose by
0.85, when the evaluation changed from NS to NNS
and then increased by 0.16 each week.

In relation to the mean duration of the bursts
(Graphs 02), again it was verified that this increased
with corrected GA, but, was greater with NS than
NNS. The mean duration of the bursts decreased
by 12.35 seconds, when the evaluation switched
from NS to NNS and then increased by 0.81
seconds, from one week to the next.

The mean duration of the pauses (Graphs 03)
showed a decrease in duration, as the corrected
GA advanced, and was greater in NNS when
compared to NS. The mean duration of the pauses
increased by 4.33 seconds, when the evaluation of
NS was changed to NNS and then reduced by 3.80
each week.

The mean number of sucks per second (Graphs
04) was constant over time and independent of the
corrected GA. This figure was greater in NNS (1.15
sucks per second) when compared to NS (0.95
sucks per second).
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 Group 1 

(n = 35) 

Group 2 

(n = 30) 

Group 3 

(n =  30) 

T otal 

(n = 95) 

Sex M ale/fem ale 15 / 20 17 / 13 15 / 15 47 / 48 

GA at birth (weeks)  30.2 (SD  1.82) 30.6 (SD  1.40) 30.6 (SD  1.45) 30.5 (SD 1.57) 

B irth weight (gram s) 1.389 (SD 404.7) 1.366 (SD 326.1) 1.414 (SD 299.2) 1 .390 (SD 346.4) 

GA corrected (weeks)* 31.4 (SD  1.46) 31.7 (SD  1.20) 31.7 (SD  1.26) 31.6 (SD 1.31) 

Postnatal age (days)  8.5 (SD 7.61) 8.1 (SD  6.47) 7.6 (SD 6.07) 8.1 (SD  6.73) 

* G A at birth +  Postnatal age (weeks) 

 

V a r ia b le s    C o e f f ic ie n t  S .D .  

D e g r e e s  o f  

f r e e d o m  t - v a lu e  p -v a lu e  

I n te r c e p t  - 3 .6 8 1 9  0 .9 7 2 8  9 1  - 3 .7 8  0 .0 0 0 3  

N N S  0 .8 4 9 1  0 .0 8 4 4  8 8  1 0 .0 7  < .0 0 0 1  

N S  .  .  .  .  .  

N u m b e r  o f  b u r s t s  a n d  

p a u s e s  p e r  m in u te  

G A .c o r r  0 .1 5 8 6  0 .0 2 7 8  5 7 4  5 .7 0  < .0 0 0 1  

I n te r c e p t  - 1 0 .1 0 8 9  1 1 .4 3 9 9  9 1  - 0 .8 8  0 .3 7 9 2  

N N S  - 1 2 .3 4 6 3  1 .1 2 4 5  8 8  - 1 0 .9 8  < .0 0 0 1  

N S  .  .  .  .  .  

M e a n  d u ra t io n  o f  th e  

b u r s t s  

G A .c o r r  0 .8 0 5 3  0 .3 2 6 3  5 7 4  2 .4 7  0 .0 1 3 9  

I n te r c e p t  1 5 2 .7 3  2 2 .6 7 2 3  9 1  6 .7 4  < .0 0 0 1  

N N S  4 .3 2 7 4  1 .8 8 8 1  8 8  2 .2 9  0 .0 2 4 3  

N S  .  .  .  .  .  

M e a n  d u ra t io n  o f  th e  

p a u s e s  

G A .c o r r  - 3 .8 0 0 4  0 .6 4 8 8  5 7 4  - 5 .8 6  < .0 0 0 1  

I n te r c e p t  0 .9 4 9 7  0 .0 3 6 1 9  9 1  2 6 .2 4  < .0 0 0 1  

N N S  0 .1 9 8 7  0 .0 4 6 8 6  8 8  4 .2 4  < .0 0 0 1  

M e a n  n u m b e r  o f  

s u c k s  p e r  s e c o n d   

N S  .  .  .  .  .  

TABLE 1. Characteristics of the NB.

TABLE 2. Result obtained from the model adjusted for every variable studied.

NNS= nonnutritive sucking; NS= nutritive sucking; GA.corr= corrected gestational age.

GA.corr = corrected gestational age; GA.corr.base = corrected gestational age on inclusion to the study; STIM = stimulation of NNS; EV =
type of evaluation of sucking performed (NNS or NS).

TABLE 3. Statistical methods obtained for every variable studied. 

 

V a r i a b le s   E f f e c t s   

N u m e r a to r  d e g r e e s  

o f  f r e e d o m  

D e n o m in a to r  

d e g r e e s  o f  f r e e d o m  F - v a lu e  p - v a lu e  

S T I M  2  8 8  0 .4 9  0 .6 1 6 9  

G A .c o r r .b a s e  1  8 8  0 .7 9  0 .3 7 7 8  

E V  1  8 8  1 0 0 .1 9  < .0 0 0 1  

N u m b e r  o f  b u r s t s  a n d  p a u s e s  

p e r  m in u te  

G A .c o r r .  1  5 7 4  2 9 .8 8  < .0 0 0 1  

S T I M  2  8 8  2 .0 2  0 .1 3 9 0  

G A .c o r r .b a s e  1  8 8  1 .0 4  0 .3 1 0 0  

E V  1  8 8  1 1 9 .4 6  < .0 0 0 1  

M e a n  d u r a t io n  o f  b u r s t s  

G A .c o r r .  1  5 7 4  6 .6  0 .0 1 0 4  

S T I M  2  8 8  1 .5 2  0 .2 2 4 6  

G A .c o r r .b a s e  1  8 8  0 .0 1  0 .9 0 3 6  

E V  1  8 8  5 .3 1  0 .0 2 3 6  

M e a n  d u r a t io n  o f  t h e  p a u s e s  

G A .c o r r  1  5 7 4  3 2 .7 8  < .0 0 0 1  

S T I M  2  8 8  0 .2 5  0 .7 7 6 8  

G A .c o r r .b a s e  1  8 8  0 .1 7  0 .6 7 6 9  

E V  1  8 8  1 7 .8 2  < .0 0 0 1  

M e a n  n u m b e r  o f  s u c k s  p e r  

s e c o n d   

G A .c o r r  1  5 7 4  0  0 .9 4 7 1  
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TABLE 4. Number of bursts and pauses per minute and duration of the bursts and pauses, according to corrected gestational age.

GA = gestational age;  NNS= nonnutritive sucking; NS= nutritive sucking

Number of bursts and 

pauses per minute 

Mean duration of bursts 

(seconds) 

Mean duration of pauses 

(seconds) 

Corrected GA 
(Weeks) n=95 

NNS NS NNS NS NNS NS 

32 2.24 1.39 3.31 15.66 35.45 31.12 

33 2.40 1.55 4.12 16.47 31.65 27.32 

34 2.56 1.71 4.93 17.28 27.85 23.52 

35 2.72 1.87 5.74 18.09 24.05 19.72 

36 2.88 2.03 6.55 18.90 20.25 15.92 

37 3.04 2.19 7.36 19.71 16.45 12.12 

38 3.20 2.35 8.17 20.52 12.65 8.32 

39 3.36 2.51 8.98 21.33 8.85 4.52 

40 3.52 2.67 9.79 22.14 5.05 0.72 

GRAPH 1. Adjusted model for number of bursts and pauses per minute.
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GRAPH 2. Adjusted model for mean duration of the bursts in seconds 
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Discussion

NNS stimulation didn´t interfere on the sucking
rhythm development in this study, which agrees
with Hack et al (1985) observations, in which an
intrinsic organization would be the most important
factor for rhythm development. Moreover, in
literature data show that the sucking rhythm
modifies, together with the process of sucking
maturation and improves as the corrected GA
advances (Gewolb et al, 2001; Qureshi et al, 2002).

Such changes reflect the development of the
sucking rhythm, characterized by: an increase in
the number of bursts and pauses per minute; an

increase in the duration of bursts; and a decrease
in the duration of the pauses. Hence, the more
mature the NB, the faster and more efficient the
sucking action (i.e. more bursts than pauses).

In relation to the number of bursts and pauses
per minute, the results are in agreement with the
concept that, as the PTNB matures, there is a
correspondingly greater frequency of bursts and
pauses (Hack et al.;1985).

Likewise, an increase was observed in the mean
duration of the bursts (0.81 seconds per week) and
a decrease in the mean duration of the pauses (3.80

GRAPH 3. Adjusted model for mean duration of the pauses in seconds.

NNS: Non-nutritive sucking NS: Nutritive sucking

GRAPH 4. Adjusted model for number of sucks per second.

NNS: Non-nutritive sucking NS: Nutritive sucking

 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

31 32 33 34 35 36 37 38 39 40 41 
Corrected GA (weeks) 

D
ur

at
io

n 
of

 th
e 

pa
us

es
 (s

ec
on

ds
) 

NNS NS 

 

0 
0.2 
0.4 
0.6 
0.8 

1 
1.2 
1.4 
1.6 

31 32 33 34 35 36 37 38 39 40 41 
Corrected GA (weeks) 

N
um

be
r o

f s
uc

ks
 p

er
 s

ec
on

ds
 

NNS NS 



247

Pró-Fono Revista de Atualização Científica, v. 19, n. 3, jul.-set. 2007

Evolução do ritmo de sucção e influência da estimulação em prematuros

seconds per week). It is underscored that the
decrease in the duration of the pauses was much
greater than the increase in the duration of the
bursts. This shows that, the lower the gestational
age, more time the PTNB needs to rest (pause) to
recover from a period of continuous sucking
(bursts) and, as the age advances, the time
necessary for the pauses decreases, thus
demonstrating an evolution of the sucking rhythm
as the NB develop and a greater capacity for
sucking  along time.

This finding corroborates the work of Hack et
al. (1985) who reported that NNS utilizing a pacifier
for PTNB, showed a decrease in the duration of
the pauses as GA advanced, these lasting 15.4
seconds from week 30 to 31; 13.2 seconds from
week 32 to 33; and 7.1 seconds from week 34 to 35.
Although the authors considered the duration of
the bursts stable in these gestational ages,around
4.1 seconds. When comparing their values with
those obtained in this research, it was observed
that in NNS the duration of the bursts was similar,
however, the duration of the pauses was greater
among the PTNB studied here . Perhaps the
difference detected was due to the type of
evaluation instrument used, which was different
in the two studies.

Medoff-Cooper et al. (1993) also observed a
decrease in the duration of the pauses with the
increasing of the GA: 13.95 seconds in 32 weeks,
with a progressive reduction to 6.95 seconds by
36 weeks. Once again, it can be noted that these
figures were much lower than those obtained in
this study.

Even though in 1991, the same authors found
that the more mature the NB, the greater the duration
of each pause, and in their research, the bursts
increased after GA week 33 and the pauses were
shorter in NB with 32 weeks of GA (4.7 seconds),
these then increased and became more stable
between weeks 33 and 35 (7.5 seconds) and in week
36 reached 8.4 seconds.

As for the number of sucks per second, it was
verified that this value was constant (1.15 in NNS
and 0.95 in NS), independently of the progress of
corrected GA. The sucking of the PTNB studied
was slower, in that the values found were lower
than those reported in the literature: two sucks per
second in NNS and one suck per second in NS
(McBride; Danner, 1987, Medoff-Cooper et al.,
1993). Furthermore, some studies have pointed to
a greater number of sucks per second as age
increases, so that the sucking becomes faster
(Gewolb et al., 2001; Qureshi et al, 2002)..

According to Neiva (1999), in term NB and
PTNB with GA   34 weeks, in NNS the number of
sucks per second in the initial burst was 1.42
against 1.36 in the intermediate/penultimate burst;
the values for NS were, respectively, 1.27 and 1.19.
When comparing these values with those obtained
in the present study, it was found that in PTNB
with GA < 33 weeks the sucking was slower, which
could be related to the fact that these were more
immature.

On the other hand, Gewolb et al. (2001) found a
variation in the frequency of sucking in NS, and, at
around 32 weeks, the value was close to that
observed in the present study (0.97 sucks/second),
increasing to 1.08 sucks per second in GA of 40
weeks.

The results obtained with the variables related
to the sucking rhythm, showed differences
between the evaluation of NNS and NS. In all the
variables, this difference was constant in function
of the advance in corrected GA. Besides, the
number of bursts and pauses per minute, the mean
duration of the pauses, and the number of sucks
per second was larger in NNS than in NS. While on
the other hand, the mean duration of the bursts
was greater in NS than in NNS.

It is possible that these differences could be
related to the fact that NS is more physiologic for
NB, since it provides the NB with milk and, with
the intention of feeding, the NB spends more time
sucking than in pauses, likewise the sucking bursts
last longer and the pauses are shorter.

Otherwise, Pickler and Reyna(2004) found a
positive correlation between the duration of the
first burst in NNS and in NS.

As for the number of sucks per second, several
authors have affirmed that in NNS this number is
twice that of NS: two sucks per second in NNS and
one suck per second in NS (Wolf, 1968, McBride;
Danner, 1987). In our results, the number of sucks
per second was also greater in NNS (1.15) than in
NS (0.95), however the difference between them
was less than that described in the literature.

Conclusion

The study variables (number of bursts and
pauses per minute, mean duration of the bursts
and pauses, and number of sucks per second) were
not influenced by stimulation of NNS and,
therefore, did not vary between the three groups
of NB.

Consequently, it can be suggested that the
stimulation of NNS in PTNB did not significantly
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modify the postnatal development of the sucking
rhythm and that, probably, the maturation process,
represented by the corrected gestational age, is
the greatest determinant of this evolution.
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