
ABSTRACT
BACKGROUND:  The integrity of the neonate suck central pattern generator is regulated 
by central and peripheral mechanisms which are modifi ed by experience and external 
stimulation.

OBJECTIVE:  This study was designed to determine the spectral characteristics and 
developmental profi le for the non-nutritive suck (NNS) in premature infants in the NICU 
environment.  

DESIGN/METHODS:  NNS pressure waveforms and electrophysiological data were 
sampled in the NICU using the new real time ACTIFIER technology and subject to the 
Fast Fourier Transform (FFT).  Thus far, data has been analyzed from 54 preterm neonates, 
including a control group (n=14), neonates with a history of respiratory distress (n=29), and 
babies exhibiting oromotor dysfunction (n=11).  Testing was completed at weekly intervals 
beginning at 32 weeks GA or when stable enough to perform the task.  The FFT was used 
to characterize the developmental progression and organization of oromotor output among 
the three groups as well as inspect individual developmental profi les, especially for babies 
who sustained IVH.

RESULTS:  The control preemies suck FFT manifest a steady and signifi cant growth in the 
principal frequency component ranging between 1.5 to 2.5 Hz as a function of gestational 
age.  This was paralleled by a decrease in the DC components of the NNS spectra indicating 
less time spent posturing on the silicone nipple and proportionately more time dedicated 
to organized NNS bursting.  In contrast, babies who have sustained IVH reveal signifi cant 
changes in the NNS FFT spectra, manifesting a protracted developmental time course for 
suck, and in some cases greatly reduced oromotor capacity.  

CONCLUSIONS:  Spectral analysis of non-nutritive suck pattern generation using the 
Fast Fourier Transform provides the clinician with rapid, objective information on orofacial 
motor organization and development, and is useful in revealing oromotor coordination 
issues in premature infants who have sustained intraventricular hemorrhage and respiratory 
distress syndrome.  

Central Pattern Generator - “. . .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).

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)

FFT of Suck Pressure (NeoSuck RT):

1. Real FFT for a user selected window of size 65536 samples is computed on the 
original suck pressure signal which results in an output array of complex values.

2. The fi nal result array (FFT) is computed by performing square root of the sum of 
squares of real and imaginary part of each complex value from the above output array.

3. FFT for each and every block is computed using steps 1 and 2 and an ASCII fi le that 
contains time and frequency domain suck values is created for each block.

4. Composite FFT of all the blocks is generated by taking the average of all the FFT’s 
computed and an ASCII fi le that contains frequency domain suck values is created.

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

PRE-TERM CONTROL

PRE-TERM CONTROL
• T3, 33 wks GA, CONTROL
• Well Organized Burst-Pause NNS

RDS

RDS
• K29, 35 wks GA, RDS
• Variable NNS Pattern, Lacks Burst/Pause Rhythm

OROMOTOR DYSFUNCTION

ORODYS
• T32, 39 wks GA, ORODYS, IVH Grade III
• Continuous NNS, Minimal Pause

General Linear Model: FFT AMPLITUDE versus BABY_GROUP, FREQ_BAND 

Factor     Type   Levels  Values
BABY_GROUP fi xed       3  1, 2, 3
FREQ_BAND  fi xed       3  1, 2, 3

Analysis of Variance for AMP, using Adjusted SS for Tests

Source             DF   Seq SS   Adj SS   Adj MS        F      P
BABY_GROUP          2    4.420    8.876    4.438   172.08  0.000
FREQ_BAND           2  228.241  218.451  109.225  4235.35  0.000
BABY*FREQ_BAND      4    7.531    7.531    1.883    73.00  0.000
Error           12923  333.271  333.271    0.026
Total           12931  573.462

S = 0.160589   R-Sq = 41.88%   R-Sq(adj) = 41.85%

SUMMARY
• Preterm Control – Typically well patterned NNS with less posturing on the pacifi er 

with maturation and experience.  No striking difference in amplitudes along the 
frequency spectrum.

• RDS – Wide frequency and amplitude variation in NNS apparent in FFT spectrum.  
Approximately 4 weeks delayed re: Pre-Term Controls in establishing a preferred 
frequency of NNS – corresponding to the sensory deprivation secondary to intubation, 
CPAP or cannula.  Possible disruption of critical period for NNS?

• Q-Wave FFT bandwidth signifi cantly different between ORODYS, RDS, and Control 
preemies.

• ORODYS – Two extremes: constant NNS with no pauses, or just posturing without 
NNS bursting.  Babies with no pause time seem to be sucking “open-loop” with no 
inhibition of the NNS.  This may point to a malfunction in the NNS central pattern 
generator secondary to neurologic insult.
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