
ABSTRACT
BACKGROUND: The non-nutritive suck (NNS) is a precocious sensorimotor skill present at birth in full-term 
infants.  In contrast, the NNS in preterm infants is often delayed, disorganized, or absent.  Physiological study 
of this centrally patterned motor output will provide new insights into the role of experience and maturation on 
sensorimotor skill development in the human infant.  
OBJECTIVE: To examine the developmental course at weekly intervals of the NNS pressure and burst patterns in 
three groups of preterm infants in the neonatal intensive care unit (NICU) prior to feeding.
DESIGN/ METHODS: NNS pressure signals were sampled in real time from preterm infants at cribside using 
the new Actifi er II electromechanical pacifi er technology.  Thus far, studies have been completed in 54 neonates 
distributed among three groups, including a medically stable group of preterm controls (n=14), neonates with a 
history of respiratory distress syndrome (RDS, n=29), and neonates with oromotor dysfunction (ORODYS, n=11).  
Testing was initiated at 32 weeks gestation and repeated at weekly intervals.  NNS pressure amplitude (cm H20) 
and burst cycle period (ms) were the dependent measures extracted with Neosuck RT.
RESULTS: A two-way ANOVA (General Linear Model) showed a signifi cant main effect for NNS amplitude 
between preterm subtypes, with RDS babies showing the greatest reduction in NNS amplitude followed by 
neonates with oromotor dysfunction compared to preterm controls (F=129.488, p<0.001).  A signifi cant main effect 
for NNS amplitude was found as a function of NICU visit number (F=8.389, p<0.001), and a signifi cant interaction 
between preterm subtype and visit number in the NICU (p<0.001).  The test of equal variance as a function of 
session and preterm subtype was rejected (p<0.05).  A signifi cant main effect for NNS burst period between 
preterm subtypes, with RDS and ORODYS showing slower and similar burst patterns compared to preterm 
controls (F=6.946, p<0.001).  A signifi cant main effect for NNS burst was found as a function of NICU visit 
number (F=4.317, p<0.005), and a signifi cant interaction between preterm subtype and visit number in the NICU 
(p<0.001).  The test of equal variance as a function of session and preterm subtype was rejected (p<.05).
CONCLUSIONS: The progression of NNS amplitude and burst period dynamics differentiates preterm controls 
from neonates with a history of RDS, and babies with oromotor dysfunction following intraventricular hemorrhage.  
The underlying variance of these two dependent measures suggests different mechanisms of oromotor development 
and NNS control, which may impact later emergent sensorimotor skills. 

Central pattern generators are defi ned as  “…neural circuits that can produce rhythmic motor patterns in the absence of phasic 
drive, either from a sensory input or 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)

NEOSUCK RT
• 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.

Structure of Non-Nutritive Burst
Operationally defi ned as any repetitive mouthing activity on a baglet.
Peter Wolff (1968)

PREEMIES

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

AMPLITUDE

NNS AMPLITUDE
Least square means for NEONATE GROUP

Group Mean SEM
Preterm Controls 15.534 0.243
RDS 14.379 0.161
Oromotor Dysfunction 18.595 0.208

Two Way Analysis of Variance

General Linear Model

Dependent Variable: AMPLITUDE 

Normality Test: Failed (P < 0.050)

Equal Variance Test: Failed (P < 0.050)

Source of Variation DF SS MS F P 

NEONATE GROUP 2 33004.136 16502.068 129.488 <0.001

VISIT 3 3207.124 1069.041 8.389 x<0.001

NEONATE GROUP x VISIT 6 13550.524 2258.421 17.721 <0.001

Residual 18756 2390287.529 127.441

Total 18767 2483748.367 132.347

BURST

NNS BURST
Least square means for NEONATE GROUP

Group Mean SEM
Preterm Controls 0.473 0.00696
RDS 0.502 0.00356
Oromotor Dysfunction 0.495 0.00923

Two Way Analysis of Variance

General Linear Model

Dependent Variable: BURST 

Normality Test: Failed (P < 0.050)

Equal Variance Test: Failed (P < 0.050)

Source of Variation DF SS MS F P 

NEONATE GROUP 2 1.020 0.510 6.946 <0.001

VISIT 3 0.951 0.317 4.317 0.005

NEONATE GROUP x VISIT 6 1.683 0.280 3.820 <0.001

Residual 14289 1049.215 0.0734

Total 14300 1054.288 0.0737

NNS AMPLITUDE NNS BURST PERIOD
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SUMMARY
• NNS amplitude is signifi cantly different among the three preterm groups.  
• NNS burst period is signifi cantly different between Preterm Controls and RDS and Oromotor Dysfunction
• It is hypothesized that sensory deprivation to the orofacial system due to intubation for oxygen has a negative effect on NNS burst period.
• Neurological issues associated with orodysfunction (i.e. IVH & PVL) have a negative effect on NNS burst period.
• Preemies with Oromotor Dysfunction exhibit NNS amplitudes that are greater than normal.  This may refl ect a lack of inhibitory control by 

descending inputs on the central rhythm generating circuits in the pontine reticular formation.
• Measurements are useful for assessing baseline and progress
• Technique proves to be very rapid application of the NNS Actifi er technology to characterize the amplitude/ burst dynamics of the NNS.  
• Measurement acquisition is rapid (less than 2 minutes), non-invasive, and produces objective results in real-time
• The underlying variance of these two dependent measures suggests different mechanisms of oromotor development and NNS control, which 

may impact later emergent sensorimotor skills. 

Future Directions:
• Adapting current study for nutritive suck analysis
• Suck entrainment for those babies with oromotor dysfunction
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