
ABSTRACT
BACKGROUND:  The organization of non-nutritive suck (NNS) bursts in preterm babies provides 
insight into the neuromotor integrity and developmental status of this important neural pattern 
generator.  Oromotor coordination and feeding are key issues following intubation and the resultant 
orosensory deprivation associated with respiratory distress syndrome (RDS), or brain injury following 
intraventricular hemorrhage (IVH).

OBJECTIVE:  To characterize the parametrics of NNS activity among preterm infants with no 
comorbidities, and preterm infants diagnosed with either RDS or IVH at weekly intervals during their 
stay in the NICU.

DESIGN/METHODS:  NNS pressure waveforms were digitized on-line in 3 minute epochs cribside 
from 37 pre-term infants including healthy preterm-controls (N=14, 26 sessions), RDS (N=30, 64 
sessions), and IVH (N=11, 31 sessions) in the NICU prior to a scheduled feed.  Weekly assessments 
began at 30 weeks gestational age.  The variables of #sucks/block, #sucks/burst, #sucks/session, and 
#bursts/session were statistically compared to identify any signifi cant differences between the three 
groups as a function of test session number and gestational age.

RESULTS:  A two-way ANOVA (General Linear Model) revealed the number of sucks/block varied 
signifi cantly as a function of session number in the NICU (F=4.505, p<0.001), and as a function of 
neonate population (F=3.396, p=0.037). The number of sucks/burst varied signifi cantly as a function of 
neonate population (F=4.854, p=0.010), and as a function of gestational age (GA) at study (F=1.730, 
p=0.019).  The total number of NNS cycles varied signifi cantly as a function of session number 
(F=4.505, p<0.001), and neonate population (F=3.396, p=0.037).  The total number of bursts varied 
signifi cantly as a function of session number (F=4.664, p<0.001), and neonate population (F=4.280, 
p=0.016).

CONCLUSIONS:  The non-nutritive suck, characterized in terms of activity levels and burst 
complexity, manifests a signifi cant developmental progression among preterm control babies that 
varies markedly from their RDS and IVH counterparts.  The effects of extended periods of sensory 
deprivation among RDS babies, and neural insult associated with IVH negatively infl uence oromotor 
coordination.  Further study is required to determine the plasticity and activity-dependent mechanisms 
underlying the NNS pattern generator in relation to feeding competence. 

Central pattern generators are defi ned by “…neural circuits that can produce rhythmic motor patterns 
in the absence of phasic drive, either from a sensory input or a descending control pathway.” (Eve 
Marder, 2001)

ACTIFIER

METHODS
• Weekly testing in the NICU (2 sites)
• Follow-ups @ 3, 6, 12, 24 months
• Testing @ bedside 15 minutes before a feeding
• Brief neurological examination, positioned and settled
• Non-nutritive suck testing (NeoSuck RT)
• Groups: 

Pre-Term Control (N=14) 
Respiratory Distress Syndrome (N=29)
Oromotor Dysfunction (N=11)

• Non-Nutritive Suck Peak Picking Algorithm (NeoSuck RT):

1. First derivative of the suck pressure signal is computed and peak values are obtained by indexing 
each zero crossing (that meets the minimum threshold-slope) of the derivative suck signal into the 
original suck signal data.

2. If the gap between two consecutive peaks is less than the minimum peak period then the smaller 
of the two peaks is eliminated from the result set containing peaks.

3. Peaks with values less than the minimum threshold and with range less than the minimum peak 
valid range are eliminated from the result set.

NON-NUTRITIVE BURST
“Operationally defi ned as any repetitive mouthing activity on a baglet.” (Peter Wolff, 1968)

SUBJECT DESCRIPTIONS
Preterm Control

Preemie GA@Birth (wks) Birth Wt (g) Days O2 Other
1 29.0 1250 0 mild RDS
2 30.0 1580 0 VSD
3 31.0 1140 0 none
4 31.0 1430 0 mild RDS
5 31.0 1525 0 none
6 31.0 1770 0 none
7 31.1 1580 0 none
8 31.1 1670 0 none
9 33.0 1780 0 none
10 33.0 2014 0 ASD
11 33.1 1580 0 none
12 33.1 1785 0 mild RDS
13 34.6 1929 0 none
14 34.7 2165 0 none

Mean 31.9 1657.0 0

Respiratory Distress Syndrome
Preemie GA@Birth (wks) Birth Wt (g) Days O2 Other

1 23.0 527 98 RDS
2 24.9 591 94 RDS, sepsis, NEC
3 25.0 493 3 GERD, sepsis, RDS, 
4 26.3 900 48 sepsis, RDS, 
5 27.0 1025 26 RDS, PDA
6 27.4 890 62 RDS
7 27.9 1130 9 RDS, PDA
8 28.0 1130 6 RDS, sepsis 
9 28.1 926 52 PVL (right)
10 28.4 1140 26 RDS, PDA
11 28.6 1160 3 RDS, 
12 29.6 1295 30 RDS, PDA
13 29.9 1395 6 RDS
14 29.9 1589 16 RDS
15 30.3 848 10 RDS, IUGR, sepsis
16 30.9 1454 45 RDS, sepsis
17 31.0 1800 3 RDS, PDA
18 31.1 1427 3 RDS, sepsis
19 31.4 1350 6 RDS
20 31.4 1701 5 RDS
21 31.4 1708 36 RDS
22 31.7 1139 5 RDS
23 31.9 1545 5 RDS, PDA
24 32.0 1700 3 RDS, PDA
25 32.3 1555 3 RDS
26 33.3 1844 8 RDS
27 37.3 2380 8 GERD, VSD, IUGR
28 38.0 3317 34 RDS
29 38.4 1640 35 RDS

Mean 30.2 1365.5 23.7

Oromotor Dysfunction
Preemie GA@Birth (wks) Birth Wt (g) Days O2 Other

1 23 646 99 RDS, sepsis, IVH II, GERD

2 24.1 685 104 RDS, NEC, IVH II, sepsis

3 28 1300 1 RDS
4 28.3 1050 52 IVH III, RDS, PDA, NEC

5 30.9 1200 3 RDS, PDA, 
6 31.1 1118 3 poor oral feeding
7 31.7 1409 1 poor oral feeding
8 33 1710 8 RDS, IVH III, PDA 
9 33.9 2813 0 poor oral feeding
10 34 1390 0 IUGR
11 37 2827 2 sepsis, gastroschisis

Mean 30.5 1468 24.8

• PRETERM CONTROL infants were able to commence the study at 33.68 weeks mean GA, 
whereas infants in the respiratory distress syndrome (RDS) and oromotor dysfunction (ORODYS) 
groups matriculated into the study at 35.35 and 35.52 weeks mean GA, respectively.

• The above difference in mean GAs for the initial study sessions is likely due to birth 
complications associated with immature respiratory system (RDS) and neurological insult 
(oromotor dysfunction).

• On average, RDS and ORODYS preemies were born earlier (30.19 and 30.45 weeks GA, 
respectively) compared to the PRETERM CONTROLS (31.91 weeks GA).

• PRETERM CONTROL infants were discharged earlier from the NICU in comparison to infants 
in the RDS and ORODYS groups who required longer stays in the NICU.
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ANOVA STATISTICS
DEPENDENT
VARIABLE

SOURCE OF
VARIATION F-statistic p-value*

#Sucks/Block Visit # F(5)=4.505 p<0.001

Group F(2)=3.396 p=0.037

#Sucks/Burst GA F(59)=1.730 p=0.019

Group F(2)=4.854 p=0.010

#Sucks/Visit Visit # F(5)=4.505 p<0.001

Group F(2)=3.396 p=0.037

#Bursts/Visit Visit # F(5)=4.664 p<0.001

Group F(2)=4.280 p=0.016

SUMMARY
• Preterm control group - Youngest GA at each test session compared to infants in the RDS and 

Orodysfunction groups, display appropriate oromotor coordination.  NNS parameters of 
infants in this group decrease in variance across test sessions.  

• RDS group – Second youngest GA at each test session compared to other two infant groups, 
affected by orosensory deprivation.  NNS parameters of infants in this group decrease 
in variance across test sessions; however, with longer latency compared to infants in the 
preterm control group.  This suggests the presence of a developmental delay.

• Orodysfunction group – Oldest GA at each test session, with neurological insults such as IVH.  
NNS parameters of infants in this group do not decrease in variance across test sessions in 
contrast to infants in the preterm control or RDS groups.  This suggests the presence of a 
constant motor control error.
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