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Preliminary Clinical Observations

Introduction

As medical technology advances and preterm infants are able to 
survive in ever increasing numbers with smaller birth weights, 
younger gestational ages, and more medically complex diagno-
ses, oral feeding for these infants has become a universal con-
cern. Despite the plethora of information available on neonatal 
sucking and the coordination of suck/swallow/breathe in the 
healthy term infant, oral feeding in the preterm infant continues 
to be poorly understood and the normal course of maturation 
of efficient feeding remains controversial. It has been reported 
that respiration and suck are gestational age-dependent reflexes 
modulated in the brain stem and increasing gestational age with 
maturation correlates with a lower frequency of apnea and the 
development of sucking rhythm.1,2,3,4,5,6 It has also been reported 
that experience with oral feeding results in a more rapid matura-
tion of sucking.7,8 Other studies have reported opposing views 
that early oral stimulation may not result in earlier weaning from 
nasogastric tube feeding;9,10 and that stimulation of non-nutri-
tive sucking in preterm infants accelerates oral feeding success.11 
Finally it has been reported that the process of maturation is 
considered to be the most responsible factor for coordination 
of sucking ability in the infant.5,6,12,13 Despite this controversy 
(i.e., development of sucking in the preterm infant), it is gener-
ally agreed that the sucking profiles of the preterm infant are 
significantly different from those of the healthy term infant14 
The well coordinated feeding pattern of the healthy term infant 
is characterized by a 1/1/1 coordination of suck, swallow, and 
breathe.15 When infants are unable to coordinate suck/swallow/
breathe they may forfeit available energy necessary for feeding 
and be unable to continue sucking that may result in failure to 
thrive. Usually this in-coordination is because of an inability to 
maintain adequate ventilation while sucking and swallowing.15 In 
1979, Crook defined this type of in-coordination of suck/swal-
low/breathe as characteristic of a disorganized suck.16 

Other infants may demonstrate a dysfunctional suck17that 
may be a possible early indicator of neurological damage.15 A dys-
functional suck is characterized by abnormal movements of the 
tongue and jaw observed during early reflexive nutritive sucking 
that are not seen in the typically developing preterm or healthy 
term infant.17,18 These movements include excessively wide jaw 
excursions that interrupt the intra-oral seal on the nipple, a flat-
tened tongue configuration with an absent tongue groove, and 
jaw excursions that are too short to allow for an adequate degree 
of suction.17 Dysfunctional NOMAS scores were associated with 
decreased transcerebellar diameter and lower Dubowitz scores.19

The NOMAS

Based upon the concepts described above, the NOMAS (Neo-
natal Oral-Motor Assessment Scale) was developed in 1983 and 
revised in 1990 (page 14) as a clinical evaluation of neonatal 
sucking patterns. This bedside observation tool enables the 
examiner to differentiate the normal, disorganized, and dysfunc-
tional suck. The NOMAS identifies 28 characteristics of jaw 
and tongue movements that are observed during a two-minute 
nutritive sucking sample. Since 1994 professionals have been 
required to become reliable in the administration and scoring of 
this assessment in order to accurately use it to diagnosis the neo-
natal suck pattern in the preterm and term infant up to 44 weeks 
post conceptional age (PCA). Both the normal and disorga-
nized categories on the NOMAS have demonstrated acceptable 
psychometric properties20 and preliminary data suggests that the 
NOMAS is a “reliable assessment tool that provides an objec-
tive, standardized, and observational measure” of infants’ feeding 
maturation.21 In addition, Macmullen and Dulski found that the 
NOMAS evaluation of sucking ability correlated with gestational 
age, weight, and behavioral state in normal healthy newborns.22 
DaCosta et.al. reported that this observational tool is most com-
monly used to assess the nutritive sucking skills of infants,23 and 
it has been examined more consistently and showed more consis-
tent results in psychometric properties than other feeding assess-
ments.20 The performance of the infant on the NOMAS may also 
be useful in the prediction of later developmental outcome.21,24

Efficient feeding is secondary to co-ordination of the pha-
ryngeal swallow with respiration and the episodes of deglutition 
apnea are reported to decrease with maturity.25 This is represen-
tative of the maturation of the preterm infant and it has been 
hypothesized that “feeding is a neuro-developmental process of 
maturation.5” Based upon this hypothesis, only infants with a 
disorganized suck pattern are described here in order to track the 
maturation of sucking development. 

Early Development of Sucking

Grybowski first identified the immature suck pattern of the preterm 
infant as consisting of short sucking bursts of 3-5 sucks per burst 
followed by a pause of equal duration during which swallowing and 
breathing occurred.13 When an infant is not able to self-regulate in 
this manner, episodes of deglutition apnea resulted and these deglu-
tition apnea events were reduced as the infant matured.25

By comparison the healthy full term infant will usually have 
the neurological maturation and respiratory support necessary 
to demonstrate a mature/continuous burst suck pattern. This 
pattern consists of sucking bursts of 10-30 sucks per burst, with 
swallowing and breathing occurring during the sucking burst, 
followed by a brief pause.13 The average ratio of suck/swallow/
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respiration has been reported to be 1:1:1.12,15 An infant born at 
term must suck, swallow, and breathe in a coordinated manner 
during successful oral feeding. When an infant is born prema-
turely these skills may not yet be fully mature or coordinated.26  
In addition to the lack of neuro-developmental maturation, 
infants with respiratory problems, such as bronchopulmonary 
dysplasia, have an even more difficult time with the coordination 
of suck/swallow/respiration and demonstrate low sucking pres-
sures, short sucking bursts, infrequent swallows, and prolonged 
episodes of deglutition apnea.27

Infants who are born prematurely may also be unable to reg-
ulate their cardio-respiratory system during oral feeding resulting 
in increased heart rate and decreased oxygenation. Attention to 
cardio-respiratory regulation and the relationship between feed-
ing performance and cardio-respiratory stability in the preterm 
infant may provide information as to an infant’s readiness to 
feed.7 Adequate coordination of suck/swallow/breathe appears to 
be crucial for an infant to feed without episodes of desaturation, 
apnea, bradycardia, and/or aspiration. An alternation of the suc-
tion and expression components of suck are not sufficient, there-
fore, for an infant to feed safely by mouth9 and the coordination 
of respiration needs to be in place for successful oral feeding to 
occur. It has been reported that swallowing first occurs at 13 
weeks and sucking at 18 weeks in utero while the suck/swallow 
coordination is present at 32-34 weeks gestational age. The suck/
swallow/breathe coordination necessary for a continuous burst 
pattern, however, usually does not occur until closer to term, at 
about 37 weeks post conceptional age.12

Evaluation of Sucking: Administration and Scoring of 
the NOMAS

The evaluation of the infant suck pattern was based on clinical 
observations as described on the NOMAS (Appendix A). This 
assessment consists of three diagnostic categories: normal, disorga-
nized, and dysfunctional sucking that are based on 28 characteris-
tics of jaw and tongue movement during the first two minutes of 
nutritive sucking on a bottle. The NOMAS is also used with breast 
feeding infants but the evaluation requires more than two minutes. 
Since these clinical observations were done only with bottle feeders 
a discussion of breast fed infants is not appropriate here. 

A normal suck refers to either the self-regulated immature 
suck of the preterm infant, or the continuous burst pattern of 
the healthy term infant, both of which have been previously de-
scribed, and a disorganized suck that refers to “a lack of rhythm 
of the total sucking activity” (suck, swallow, and breathe),16 while 
a dysfunctional suck is identified by “abnormal movements of 
the tongue and jaw”.17

The administration and scoring of the NOMAS is taught dur-
ing a three-day course. Participants are required to observe infants at 
bedside in the neonatal intensive care or special care nursery during 
the first two minutes of a routine bottle feeding in order to accurate-
ly diagnose their suck pattern. A two-minute sample was selected to 
observe the best performance of the infant, since younger infants are 
not often able to sustain the suck well. Participants are required to 
pass an inter-rater reliability standard, in order to use the NOMAS 
as an assessment tool after completing the course.	

Method

Clinical observations of sucking patterns in infants from 31 to 
44 weeks PCA were undertaken. The purpose was to determine 
whether or not there is a correlation between developmental 
maturation and sucking ability, based upon the NOMAS. Only 
those infants who were diagnosed with a disorganized suck on 
the NOMAS were observed. Infants with a normal suck (i.e., 
no difficulty with the coordination of suck/swallow/breathe) or 
those infant with a dysfunctional suck (abnormal movement 
of the jaw and tongue during sucking28) were excluded. The 
subjects included one hundred and twenty (120) infants from 
the intensive care and special care nurseries. Gestational and post 
conceptional ages for the infants were recorded. Infants ranged in 
age from 31 to 44 weeks PCA. The first two minutes of nutritive 
sucking on a bottle at bedside were recorded on videotape during 
a routine nursery feeding of each subject. Infants were evaluated 
on the NOMAS while being fed by staff nurses in either a Level 
II or Level III intensive care or special care nursery. Nursing and 
physician agreement with respect to the infant’s readiness to be-
gin nipple feeding, was required. The nipple used for the feeding 
had been pre-selected by nursing staff for each infant prior to the 
bedside observation. All subjects were videotaped once at bedside 
during a three-day NOMAS Certification Course conducted in 
nurseries located in the United States, Canada, Asia, and Europe. 
A two-minute videotape of the mouth during nutritive sucking 
was taken using a Panasonic Palmcorder, PV-D407, after signed 
parental consent was obtained. In some cases the parent was 
available to feed the infant during the observation. The videotape 
was part of the course and as such was not considered to be a 
study at the time of the videotaping. All infants observed were 
medically stable and had a physician’s order to proceed with 
bottle feeding. Because these infants were only observed as part 
of the 3-day NOMAS Certification Course observers were not 
privy to detailed medical information. 

The number of infants in each group included:

31-31 6/7 weeks PCA = 2
32-32 6/7 weeks PCA = 3
33-33 6/7 weeks PCA = 6
34-34 6/7 weeks PCA = 11
35-35 6/7 weeks PCA = 18
36-36 6/7 weeks PCA = 30
37–37 6/7 weeks PCA=11
38-38 6/7 weeks PCA =11
39-39 6/7 weeks PCA =10
40-40 6/7 weeks PCA=6
41+ weeks PCA = 12

Each videotape was reviewed and the number of sucks that 
occurred during the two-minute sample was counted. Isolated 
sucks (i.e., one or two sucks occurring alone) were subtracted 
in order to obtain the total number of sucks contained within 
sucking bursts during the two minutes. Based upon the average 
number of sucks and the range of sucks per two-minute nutri-
tive sucking sample, a developmental correlation was outlined. 
Since all infants were videotaped during a NOMAS Certification 
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Course, a minimum of at least four examiners evaluated each infant 
at bedside and inter-rater reliability for the diagnosis of the disor-
ganized suck was established. Three of these examiners were course 
participants and one examiner was the NOMAS course instructor. 
Scoring of the suck pattern was done after the two-minute observa-
tion was completed followed by a discussion of the results. 

Findings

The percentage of sucks contained within nutritive sucking 
bursts increased with maturation (Table 1, page 15 ). This is in 
agreement with the findings of Gewolb, Bu’Lock, Grybowski 
and others.5,12,13,29,30,31 The range of sucks contained within 
sucking bursts during the two-minute sample also increased 
with maturation (Table 2, page 15). Infants at 31 weeks demon-
strated from zero to eight total sucks in a two-minute nutritive 
suck sample; infants at 32 weeks had 10-49 sucks; and infants 
at 33 weeks had 23-59 sucks. Infants at 34 weeks demonstrated 
a range of 14-79 sucks in the two minutes. By 35 weeks PCA 
infants demonstrated as many as 127 sucks during the two 
minute nutritive sucking sample. At 36-36 6/7 weeks of age the 
maximum number of sucks in the first two minutes of nutritive 
sucking from a bottle was 123 and at 37-37 6/7 weeks was 145. 
The average number of sucks in the two-minute nutritive suck 
sample nearly doubled from 34 to 35 weeks PCA and more than 
doubled by 37 weeks PCA (Table 3 page 15). The average num-
ber of sucks contained within sucking bursts, the range of sucks 
and the maximum number of sucks in a two-minute sample of 
nutritive sucking increased with maturation and can be seen as a 
developmental continuum of sucking. 

Discussion

In many nurseries both in the United States and in other  
countries oral feeding is usually not introduced to premature 
infants who are younger than approximately 34 weeks PCA.  
This explains the small sample size of infants available for review 
at 31 and 32 weeks PCA. When isolated sucks are observed, or 
when the infant stops sucking to breathe during the first two 
minutes of a nutritive suck sample, it was found not only to be 
a clinical symptom of a disorganized suck, but one more typi-
cally found in younger premature infants. Although the average 
nutritive suck is described as having one suck per second, some 
younger or sicker term infants may have a faster suck rate or 
sucks that are not accompanied by swallows and may demon-
strate more than 120 sucks during a two-minute sample; while 
other full term infants may have a 3:1 suck/swallow ratio and 
also demonstrate more sucks than one per second.  Additional 
research is needed in order to evaluate the impact of illness, 
medical diagnosis and respiratory difficulty on neonatal suck-
ing and the NOMAS results, during the first two minutes of the 
nutritive suck. Based upon the literature it seems reasonable to 
suspect that the younger, sicker infants will have more difficulty 
with the coordination of suck/swallow/breathe, than the older 
healthier ones. This clinical observation of reflexive neonatal 
sucking over time with increasing PCA, based on the NOMAS®, 
does show improved coordination of suck/swallow/breathe with 
maturation and correlates with other studies.3,5,6,9,12,13,15,16,22

These findings are worth noting from a developmental 
perspective because they support the infant’s readiness to feed at 
35 weeks PCA, later but not earlier and correlate well with much 
of the literature.

Conclusion

This clinical observation demonstrates trends in sucking activ-
ity and changes in sucking performance with maturation both 
of which are identifiable by the NOMAS. Evaluation of infant 
sucking, based upon the NOMAS, agrees with previous reports 
that the development of nutritive sucking in the preterm infant 
is dependent upon maturation and neurodevelopment, rather 
than on learned behavior.5,6 As the infants matured they demon-
strated a larger number of total sucks in a two-minute nutritive 
sample, a better ability to sustain the suck for two minutes, and 
a greater percentage of sucks contained within sucking bursts as 
indicated by the scores on the NOMAS. These findings correlate 
with other studies that have documented the changes in nutritive 
suck patterns that occur in preterm infants over time.30, 31

The NOMAS is an important feeding observational as-
sessment as it evaluates the early nutritive suck of the preterm 
and term infant in the intensive care/special care nursery.  It 
allows for clinical observation at the bedside and has established 
inter-rater reliability among examiners both at bedside and on 
videotape. In addition, the administration and scoring of the 
NOMAS requires only two minutes and may be used as an 
effective screening tool for those infants who have just begun 
to orally feed.  At this time it is unclear just how much can be 
predicted by the early evaluation of neonatal sucking, although a 
significant association has been reported between neonatal suck-
ing patterns at 40 weeks post-menstrual age and developmental 
outcome at both 12 and 18 months corrected gestational age.32 
It has been suggested that a standardized instrument for neonatal 
sucking evaluation may offer a cost-effective early screening strat-
egy for preterm infants who are at greatest risk for developmental 
delay.33 Since the NOMAS is widely used in clinical and research 
environments and can be administered in just two minutes, it 
has been suggested that it serve as such an evaluation.20,21,23,24,34,35 

Further studies are needed, however, in the areas of feeding 
progress and improvement in sucking skills of preterm and term 
infants in intensive care and in the area of developmental follow-
up as it correlates with neonatal sucking performance on the 
NOMAS. Of particular interest are the infants who demonstrate 
clinical signs of stress during nutritive sucking on the NOMAS 
since those infants may be more likely to develop a sensory-based 
feeding aversion later. Another area of interest is the sensory 
aspect of neonatal sucking and the infants who demonstrate 
deviations in their sensory response to nipple feeding. Sensory 
deviations such as perseveration, habituation, and poor adapt-
ability are identified by the NOMAS during the two-minute 
evaluation. It would be interesting to explore the possibility of 
the prediction of later sensory integration disorders, autistic spec-
trum disorders (ASD), and pervasive developmental disorders 
not otherwise specified (PDD-NOS) as well as sensory based 
feeding aversions based upon early neonatal nutritive sucking 
scores on the NOMAS.

References on page 15
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Neonatal Oral-Motor Assessment Scale (NOMAS)

Jaw

Normal Disorganization Dysfunction

_____	 Consistent degree of jaw  
depression

_____	 Rhythmical excursions

_____	 Spontaneous jaw excursions 
occur upon tactile presentation 
of the nipple up to 30 minutes 
prior to a feed

_____ 	 Jaw movement occurs at the 
rate of approximately one  
per second  
(1/2 the rate of NNS)

_____	 Sufficient closure on the nipple 
during the expression phase to 
express fluid from the nipple

_____	 Inconsistent degree of jaw 
depression

_____	 Arrhythmical jaw movements

_____	 Difficulty initiating  
movements:

___	 Inability to latch on
___	 Small, tremor-like start-up  

movements noted
___	 Does not respond to initial 

cue of nipple until jiggled

_____	 Persistence of immature suck 
pattern beyond appropriate age

___	 Under 40 weeks PC 
(transitional suck)

_____	 Excessively wide excursions 
that interrupt the intra-oral 
seal on the nipple

_____	 Minimal excursions; clenching

_____	 Asymmetry; lateral jaw 
deviation

_____	 Absence of movement  
(% of time)

_____	 Lack of rate change between 
NNS and NS  
(NNS = 2/sec; NS = 1/sec)

Tongue

Normal Disorganization Dysfunction

_____	 Cupped tongue configuration 
(tongue groove) maintained 
during sucking

_____	 Extension-elevation-retraction 
movements occur in anterior-
posterior direction

_____	 Rhythmical movements

_____	 Movements occur at the rate of 
one per second

_____	 Liquid is sucked efficiently into 
the oro-pharynx for swalllow

_____	 Excessive protrusion beyond 
labial border during extension 
phase of sucking without 
interrupting sucking rhythm

_____	 Arrhythmical movements

_____	 Unable to sustain suckle 
pattern for two minutes due to:

___	 Habituation
___	 Poor Respiration
___	 Fatigue

_____	 Incoordination of suck/swallow  
and respiration which results 
in nasal flaring, head turning, 
extraneous movement

_____	 Flaccid; flattened with absent 
tongue groove

_____	 Retracted; humped and pulled 
back into oro-pharynx

_____	 Asymmetry; lateral tongue 
deviation

_____	 Excessive protrusion beyond 
labial border before/after 
nipple insertion with our/down 
movement

_____	 Absence of movement 
(% of time)

Copyright ©1990 Marjorie Meyer Palmer
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Table 1. Percentage of total sucks contained withinsucking bursts

Post-Conceptual Age (PCA)

31-31

6/7

weeks

32-32

6/7

weeks

33-33

6/7

weeks

34-34

6/7

weeks

35-35

6/7

weeks

36-36

6/7

weeks

37-37

6/7

weeks

38-38

6/7

weeks

39-39

6/7

weeks

40-40

6/7

weeks

41+

6/7

weeks

0 89% 89% 87% 98% 96% 97% 98% 99% 99% 98%

Table 2. Developmental Maturation of Suck Range of sucks in two-minute  
nutritive suck sample (minus isolated sucks)

Post-Conceptual Age (PCA)

31-31

6/7

weeks

32-32

6/7

weeks

33-33

6/7

weeks

34-34

6/7

weeks

35-35

6/7

weeks

36-36

6/7

weeks

37-37

6/7

weeks

38-38

6/7

weeks

39-39

6/7

weeks

40-40

6/7

weeks

41+

6/7

weeks

0-8 10-49 23-59 14-79 23-127 18-123 30-145 23-116 29-99 23-87 44-111

Table 3. Average number of sucks in two minute nutritive suck sample

Post-Conceptual Age (PCA)

31-31

6/7

weeks

32-32

6/7

weeks

33-33

6/7

weeks

34-34

6/7

weeks

35-35

6/7

weeks

36-36

6/7

weeks

37-37

6/7

weeks

38-38

6/7

weeks

39-39

6/7

weeks

40-40

6/7

weeks

41+

6/7

weeks

0 22 29 33 64 53 68 60 68 60 74
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