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Abstract The results of a follow-up study were reviewed by discriminant analysis to verify the
effectiveness of differential diagnosis for mentally retarded infants by the Brazelton Neonatal
Behavioral Assessment Scale (NBAS). The subjects were 86 low birthweight infants for whom the
NBAS was performed in the neonatal period and whose developmental progress through age 3 years
was confirmed. These infants were divided into 2 groups according to the results of the McCarthy
Scales at revised age 3 years, i.e., 17 cases of intelligence quotient (IQ) of less than 90 including
borderline area (retarded group) and 69 cases of IS 90 or more (normal group). Fisher's linear
discriminant analysis was performed to see if these 2 groups are properly distinguished to the
As the result,

61 of the 69 cases in the normal group (88.5%) and 12 of the 17 cases in the retarded group

known groups in reference to the results of the NBAS at gestational age 44 weeks.

(70.6%) were found to be properly classified in the known groups. The overall rate of proper
classification was 84.9%. False discrimination was found in 1 of the 4 cases (25.0%) in the
retarded area of IQ 70-79, in 4 of the 9 cases (44.4%) in the borderline area of IQ 80-89, and in 8
of the 69 cases (13.0%) in the normal area of IQ 90-<120. Then, the pooled within-groups
correlations between discriminating variables and canonical discriminant functions were calculated.
The results showed statistical influences by such NBAS clusters as state range, motor performance,
supplemental items, state regulation and orientation, in descending order, indicating the necessity
of behavioral assessment in the neonatal period. From the above, it was considered that
discrimination of mental retardation in low birthweight infants in reference to the NBAS at
gestational age 44 weeks is available at a high accuracy, and that the NBAS is effective on early
diagnosis and on determining the application of early intervention and care. It was also indicated
that follow-up for a longer period is necessary.
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Introduction the problematic behaviors of infants with develop-

The occurrence of major handicap and minor
handicap is not scarce despite the fact that the
survival rate of low birthweight infants remarkably
increased due to the advancement of medical care of
neonates in the perinatal period. Nakamura report-
ed that a follow-up study at age 3 of 853 extremely
low birthweight infants born in 1990 and discharged
alive from 193 major medical institutions for the
neonates in Japan disclosed that 75.0% were normal,

10.9% on borderline and 14.1% abnorma'*?’. Since

mental disability (retarded infants) in the neonatal
or infantile period inhibit the formation of mother-
infant relationship and the learning activity inter-
acting with the environment, early intervention to
those infants with probable developmental disa-
bility (retardation) is important for preventing the
actualization and aggravation of problematic be-
haviors caused by disability to comply with the
environment including mother-infant relationship,

as well as for cutting off the vicious circulation.
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More effective is intervention and care performed
as early as possible. However, more difficult is the
early diagnosis of disability as lower is the age. If
developmental disability (retardation) can be pre-
dicted early by neonatal assessment, it is useful in
determining the application of early intervention
and care.

Conventionally, the clinical diagnosis of develop-
mental disability in the neonatal period has used
neurological examination for early diagnosis of
major handicap. Concerning the clinical findings by
neurological examination of premature infants at
gestational age around 40 weeks in relation to the
prognosis, Allen et al reported that a high corre-
lation was observed between the neonatal neuro-
of the 125

infants diagnosed as normal at the neonatal neuro-

developmental prognosis at age 1;

developmental examination, 101 (81%) were normal,
16 (13%) with minimal motor disorder and 8 (6%)
with cerebral palsy, and of the 85 infants diagnosed
as abnormal, 32 infants (38%) were with cerebral
palsy, 23 (27%) with minimal motor disorder, and
30 (35%) normal®. de Ouden et al followed up 905
infants to age 2 among 1192 extremely premature
infants delivered in less than 32 weeks of gestation
and very low birthweight infants of less than 1500g
with regard to the relationship between the neuro-
developmental examination and the neuro-develop-
mental prognosis at age 2 and reported that, of the
840 infants diagnosed as normal at the neurological
examination, 689 infants (84.5%) were normal, 31
(3.8%) with major handicap and 79 (9.7%) with
minor handicap; and of the 47 infants suspective of
developmental disability, 24 infants (52.2%) were
normal, 7 (15.2%) with major handicap and 11
(23.9%) with minor handicap; of the 18 infants
diagnosed as having definite developmental disabil-
ity, 6 infants (33.3%) were normal, 9 (50.0%) with
major handicap and 3 (16.7%) with minor develop-
ment®’. Thus, the prognostic prediction by neurol-
ogical examination of premature infants at gesta-
tional age around 40 weeks is reliable to some
extent but its accuracy is not always high.

On the other hand, Brazelton’s Neonatal Behav-
(NBAS)®
development

reportedly 1s
in the
infantile period. Brazelton et al reported that the

ioral Assessment Scale

closely correlated with the

NBAS recovery curves of mature infants and low
birthweight infants was closely correlated with the

correlation analysis of Baley’s mental-motor devel-

opmental score in both mature infants and low
birthweight infants, and that the mental-motor
developmental score can be predicted at the statis-
tically significant level of 0.01% to 0.056% even
from the results of multiple analysis using 4 clus-
ters of orientation, motor performance, state range
and state regulation as descriptive variables®’.
Lester et al analyzed the recovery curves of NBAS
clusters and Baley’s mental-motor developmental
scores at age 9 months, and reported that the
recovery curves of the orientation cluster in full
term infants and of the motor cluster in premature
infants showed a correlation with the mental-motor
developmental scores®” ™. Likewise, we reported as
the results of multiple analysis of Baley’'s mental-
motor developmental scores at age 6, 12 and 24
months as objective variables and NBAS parameters
of the recovery curve as descriptive variables for
mature infants, that the both variables were closely
correlated®’. For low birthweight infants, multiple
analysis of mental-motor developmental scores of
Baley’s scale for infantile mental-motor develop-
ment at the revised age of 12 months as objective
variables and NBAS clusters at gestational age 44
weeks as descriptive variables disclosed a close
indicating that the
developmental score at revised age 12 months can
be explained by the NBAS at gestational age 44

weeks at the accuracy of approximately 60%°.

correlation, mental-motor

Tronick and Brazelton stated that more accurate
diagnosis of late effects 1s available by the NBAS
assessment of infants with developmental disability
compared to the conventional neurological assess-
ment that does not include behavioral assessment™.
We also reported that the
cerebral low birthweight
available by the NBAS at a high accuracy of
88.5%. Akiyama et al studied the neonatal behav-

iors of mature cerebral palsy infants and described

discrimination of

palsy in infants 1s

that persistent was the "depression” of neonatal
behaviors such as weak crying, decreased feeding
and overall decrease of activity and alertness, in
addition to the abnormal neurological signs such as
weakened muscle tonus and postural tonus, de-
creased spontaneous movement, and weakened prim-
itive reflex". Thus, it is required for assessment
in the neonatal period to perform overall assess-
ment incorporating both neurological and behav-
ioral ones.

We have applied the NBAS for assessment and
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intervention in the neonatal period. In the present
study, the results of follow-up were reviewed to see
if the NBAS 1is

mentally retarded infants.

useful for discrimination of

Subjects and Methods

The subjects were 86 infants of premature birth
for whom the NBAS was performed and whose
developmental progress to age 3 was confirmed.
(Cerebral palsy infants were excluded from the
present study.) These 86 infants were divided by the
general intelligence score of McCarthy Scales® at
revised age 3 into a normal group (score 90 or
more) and a retarded group (score less than 90)
(The

including borderline infants in the retarded group is

including borderline infants. reason for
that the occurrence of infants with problematic
behaviors such as learning disability, attention
deficit disorders with or without hyperactivity, and
autism or autistic tendency is frequent among
borderline infants.) As the results, 69 infants were
assigned to the normal group and 17 to the
retarded group. The normal group showed the mean
gestational period 32.8 weeks (SD 2.5w, 25w2d-
38w2d), mean birthweight 1564g (SD 369.3g, 670-
2490g), mean Apgar l-minute score 6.9 (SD 1.7)
and 5-minute score 8.5 (SD 1.0), and mean general
intelligence score 104.8 (SD 9.5), and included 6
The retarded
group showed the respective values of 29.1 weeks
(SD 3.7w, 24w6d-38wld), 1173.0g (SD 472.7g, 579-
2120g), 1-minute 5.6 (SD 2.1), 5-minute 7.5 (SD 0.8),
and 77.4 (SD 7.5), and included 8 extremely low

birthweight infants.

extremely low birthweight infants.

Fisher’s linear discriminant analysis was per-
formed to see if the infants could be distinguished
as normal or retarded using the NBAS results at
gestational age 44 weeks. The NBAS assesses 4 be-
havioral abilities, i.e., 1. autonomic stability, 2. state
regulation, 3. interaction, and 4. motor performance
of the neonate through the process of accommoda-
tion between the neonate and the environment
(examiner). The NBAS results were processed to
calculate the scores of 6 clusters according to Lester
motor

et al's cluster method, 1i.e., orientation,

performance, state range, state regulation, auto-
nomic stability, and elicited response, and the mean
of 9 supplemental items. These 7 scores were used
as variables in the discriminant analysis. Statistics

package "SPSS” was used for statistical analysis.

Results

1. Analysis of variables in two groups

As the result of t-test, a significant difference
(p<0.01) between the two groups was observed in
the clusters of orientation, motor performance,
state range and state regulation and in the score of
supplemental items, not including the clusters of

autonomic stability and elicited response (Table 1).

Table 1 Results of t-test between normal group
and retarded group

Normal Group Retarded Group
Orientation 6.14+0.97 5.221£1.04*
Motor Performance 5.75+0.62 4.71+£0.92*
State Range 4.21%0.49 3.29+£0.6 3%
State Regulation 5.14+1.03 3.98+£1.17*
Autonomic Stability 6.93+0.99 6.89+0.70
Elicited Response 1.12+£1.35 1.77£1.48
Supplemental ltems 7.24%x£1.04 5.69+1.35*

**:p<0.01

2. Fisher’s linear discriminant analysis

Sixty-one (61) of the 69 cases (88.5%) in the
normal group and 12 of the 17 cases (70.6%) in the
retarded group were properly classified into respect-
ive known groups, the overall rate of proper
classification being 84.9% (Table 2). In relation to
the general intelligence quotient (GIQ), erroneous
determination was found in 1 of the 4
(25.0%) in the retarded area of GIQ 70-79, 5 of the
9 cases (44.4%) in the borderline area of GIQ 80-89,
5 of the 22 cases (22.7%) of GIQ 90-99, 2 of the 24
cases (8.3%) of GIQ 100-109, and 1 of the 21 cases
(4.8%) of GIQ 110-120 or more (Table 3).

cases

Table 2 Results of Fisher’s linear discreminant analysis

Correct Error
Normal Group ~69cases 61 (88.4%) 8 (11.8%)
Retarded Group  17cases 12 (70.6% 5 (29.4%)

3. Pooled within-groups correlations between dis-
criminating variables and canonical discrimi-
nant functions

Review was made on the degree of contribution

to the discriminant functions by the variables, that
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Table 3 Relationship between IQ and error discrim-
ination cases

1Q Cases Error cases (%)
120< 2 0
110~119 21 1 ¢ 4.8%)
100~109 24 2 ( 8.3%)
90~ 99 22 5 (22.7%)
80~ 89 9 4 (414.4%)
70~ 79 4 1 (25.0%)
z 69 4 0
Total 86 13

is, how the 7 NBAS clusters influenced the discrim-
ination of developmental retardation. Effect was
strong statistically in the order of state range,
motor performance, supplemental items score, state
regulation and orientation (Table 4). This result
was in conformity with the result as seen by each

variable.

Table 4 Poled within-groups correlations between
discriminating variables and canonical
discriminant functions

1 .State Range 8190
2 Motor Performance 7711
3 .Supplemental Items 6585
4 .Orientation 6117
5 .State Regulation .5321
6 Elicited Reponse ~ —.4 37 6
7 .Autonomic Stability 2027

4. Behavioral characteristics of the infants in the
retarded group may be described as follows.

1) Behavioral characteristics

State regulation is generally low in activity and
conscious level and poor in alertness. The activity
and conscious level either persist at a low level, or
gradually restore the normal level, or change to be
hypersensitive, showing irritability, lability of state
and poor self-regulation from a crying state.
Orientation, in association with the cost of state

regulation and attention, shows little or no re-

sponse such as no interest in object and poor change
of facial expression, or contrarily shows restless
behavior with unsteady visual points and reflective
excessive eyeball movement, indicating difficulties
in keeping attention. Motor performance is often
dominated by Uncoordinated spontaneous movement
of the limbs with overshooting and jerky move-
ment, or by minimal activity. Postural tonus is gen-
erally hypotonic, occasionally showing opisthotonic
posture in association with stress. Physiological
consistency is usually stable, although infants with
respiratory disorder show cyanosis and unstable
respiration in association with stress.

Consideration should be given to the adjustment
and handling of stimulation since stress signs of
the behavioral system are likely to arise in usual
handling. For example, such considerations are
required as to give vestibulo-tactile stimulation to
regulate the awake level, to give single moderate
stimulation to suppress excessive responses, to
provide the site of examination without multiple
environmental stimulations in order to maintain
attention, to cover the limbs with towel to suppress
excessive movement of the limbs, and to hold the
infant in such a manner as to suppress opisthotonic
posture and backward bending.

2) neurological characteristics

Abnormal neurological signs are not so definite
as that in cerebral palsy infants with diseases of
and the

abnormal elicited response are less. Postural tonus

the central nervous system, items of
is mostly hypotonus within normal range and likely

to show increased partial extensive tonus 1in
association with increased stress while maintaining

hypotonus as the basis.

Discussion

Problematic behaviors in and after the neonatal
period would cause difficulties in formation of
mother-infant relationship and in adaptation to the
environment, thus becoming risk factors of develop-
mental disability. If early prediction of develop-
mental disability or retardation is possible by the
1t will be

beneficial in determining the application of early

assessment in the neonatal period,

intervention and care, leading the developmental
progress in a better direction through the adjust-
ment of mother-infant relationship and environ-
ment. In the present study, Fisher’s linear discrim-

inant analysis using the results of follow-up by
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McCarthy Scales at revised age 3 was performed to
see if normal infants and mentally retarded infants
among low birthweight infants can be properly
distinguished by the NBAS assessment at gesta-
tional age 44 weeks, and the effectiveness of dis-
criminating mentally retarded infants by the NBAS
was reviewed.

As the result, 61 of the 69 cases in the normal
(88.5%) and 12 of the 17 cases in the
retarded group (70.6%) were found to be properly

group

classified in the known groups at a high overall
NBAS

assessment at gestational age 44 weeks is useful for

accuracy of 85.9%, indicating that the

the prognostic determination of developmental
retardation. A review on the degree of contribution
to discriminant functions by variables, that is, how
the 7 NBAS clusters influence the discrimination of
mental retardation, disclosed statistically strong
influence of the clusters of state range, motor
performance, supplemental items, state regulation
and orientation in descending order. This i1s due to
the fact that the signs of mental retardation are
likely to

abnormal sings of major handicap are likely to

appear as behavioral signs, while
appear as neurological signs. It was indicated that
behavioral assessment in the neonatal period 1is
essential.

The above results were in conformity with the
following behavioral characteristics. The behavioral
characteristics in the retarded group included a
decrease of awake level and activity or problems of
state regulation such as irritability, lability of
state and poor self-quieting ability, fluctuation of
postural tonus from hypotonus to hypertonus
(often hypotonus), problems of motor performance
such as dominance of non-coordinated movement of
the limbs with overshooting and jerky movement,

decreased attention and poor social response with

hyperactivity or unsteady excessive eye movement

and liability of stress in state regulation, motor
performance and interaction during the course of
interaction between environmental stimulation and
the infant.

On the other hand, neurologically abnormal signs
like abnormal elicited responses seen in major
handicap as cerebral palsy infants are scarce (The
low birthweight

prematurity seen 1in extremely

infants and neurologically abnormal signs are
distinguished).

Neonatal behaviors are organized on the basis

of autonomic stability

organs

including physiological

consistency of in the respiratory and
circulatory systems, and this 1s followed by the
organization of state regulation, motor perform-
ance and social interaction including audio-visual
responses. The above- mentioned behavioral charac-
teristics seen in the retarded group would cause
difficulties in adaptation to the external environ-
ment, affecting the progress of forming mother-
infant relationship and organizing neonatal behav-
iors as well as the mental-motor development. The
present study disclosed that the NBAS at gest-
ational age 44 weeks 1s useful as a means to
determine the application of early intervention and
it helps in guidance to apply mother-infant inter-
vention according to the behavioral characteristics
of individual neonates and to facilitate environ-
mental adjustment and sensorimotor activity. It is
necessary for the intervention to regulate the awake
level, improve the sensory processing ability and to
facilitate stimulation-response, using the vestibular,
proprioceptive and sensory stimulations. This will
provide the basis for the development of commu-
nication and learning that are the functions of the
superior central nervous system.

In the discriminant analysis, 3 of the 8 cases in
the normal group and 2 of the 4 cases in the
retarded group who had falsely been determined as
such were extremely low birthweight infants. This
indicates that the determination of extremely low
birthweight in the

difficult, and it is considered essential to perform

infants neonatal period 1is
assessment at intervals and long-term observation
of the progress. The difficulty in establishing a
definite diagnosis in the neonatal period may be
attributed to the fact that,

particularly

in low birthweight
infants, in extremely or very low
birthweight infants, it is difficult to distinguish
abnormalities since they have neurological and
behavioral prematurity, that the neonates whether
mature or premature are liable to change in awake
state and behavioral state, and that they have
potential capability to develop after functional
repair by plasticity since the central nervous system
of the neonates is in maturing process. We spec-
of the

recovering process of neonatal behaviors in high

ulate from the results of our review
risk infants, that the recovering process was quick
in the normalized infants and delayed in the infants

with developmental disability or mental retarda-
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tion, and consider it important to perform the
NBAS assessment about three times at intervals
and to observe the recovering progress of behaviors.

Kitchen et al compared D@ at age 2 years and
IQ at age 5 of extremely premature infants and
indicated that a trend of improvement was ob-
served at age 5. Hence, they pointed out that a
definite diagnosis of developmental retardation on
the basis of D@ around age 2 is difficult to
establish, and follow-up at least to age 5 1is
necessary'”. Saigal et al®, Teplin et al® and Nickel
et al™ reported that minimal cerebral dysfunction
such as learning disability or attention deficit
disorder has been observed in many extremely low
birthweight infants in the infantile period and
schoolchild period™”. It is possible that develop-
mental disability may occur in the infants classi-
fied in the normal group in the present study and
that normalization may arise in some of those
classified in the retarded group. Although it is
feasible to determine the prognosis of develop-
mental retardation at a relatively high accuracy by
the NBAS assessment at gestational age 44 weeks,
it i1s advisable to avoid easy diagnosis but to
perform follow-up from the longitudinal point of

view.
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