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ABSTRACT
MOTOR DEVELOPMENT OF CHILDREN BORN PRETERM AND FULLTERM
By

A-Ran Chong

The purpose of this study was to investigate the motor skills levels of children
ages 3.5 to 7 years born in the Preterm I (PT I, birthweight <1000 g and gestational age

24-28 weeks, n = 6), Preterm II (PT II, birthweight 1001-1500 g and gestational age 29-
34 weeks, n = 6), and Fullterm (FT, birthweight 2300-3800 g and gestational age 38-41
weeks, n = 10) groups using the McCarron Assessment of Neuromuscular Development
and Motor Performance Study instruments. Heights, weights, body mass indexes, and
neurological soft signs were compared among the three groups. The study described the
relationships between the motor skills scores and the potential influences on the motor
skills scores, such as the physical growth of the children, heights of the parent(s),
ABILITIES Index, and use of adjusted age. The criteria for children born in the PT
groups were: being a singleton; having no moderate-to-severe neurological impairments
present; and having received treatments of a full course of antenatal steroids and
surfactants.

Statistical analyses included one-way ANOVAs and ANCOV As (with
chronological age as the covariate), as well as Pearson product-moment, partial, and
semipartial correlations. When a significant difference was detected with ANOVA

(ANCOVA), then the Scheffé (Pairwise comparisons) test was used for follow-up



analysis and effect sizes were calculated to find out the meaningfulness of the
significance. The investigator gave descriptive data for neurological soft signs.
Significant differences as well as large effect sizes showed the strength of a
relationship among the three groups for the gross and fine motor skills. When using
chronological age, physical growth (including height, weight, and BMI) was significantly
different among the three birthtypes as well. The children who were born in the PT
groups were more likely to show neurological soft signs, such as extraneous movements,
perseveration, falling after performance, and asymmetry, than the children who were born
in the FT group. The heights and ABILITIES Indexes were moderately correlated to the
motor skills scores. Data suggested that participating in regular physical activities may
improve skills levels of children born preterm. However, this study used a small number
of participants. Future studies need to acquire more participants, as well as consider
using a longitudinal design, and dcveloping intervention programs for the children who

were born preterm.
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CHAPTER 1
INTRODUCTION

While the motor performance of normal healthy children is known to physical
educators, preschool teachers, and researchers (Butterfield & Loovis, 1993; Isaacs, 1980),
little information is available concerning the motor skills of children born prematurely.
Determining how well these children perform motor skills using only medical data about
birthweight, gestational age, or an Apgar score is little better than a weak prediction
(Goldson, 1992). In addition, knowledge is lacking about the motor development of
children born prematurely who received current medical treatments, such as surfactants
and antenatal corticosteroids. Therefore, it was appropriate for this research to determine
if there was a relationship between the degree of prematurity and the level of motor
performance during childhood. A comparison of motor performances between children
born preterm and children born fullterm could help to understand better the extent to
which the population of children born preterm may need special services in order to
remediate potential developmental delays.

The information acquired from this research is useful for neonatologists and
pediatricians who have treated infants and children born prematurely. In addition, this
study provides parents with the knowledge of motor skills problems their children born
preterm often may possess. Thus, parents are placed in a better position to notice
problems earlier and help their children at home with certain motor activities. The
physical/occupational therapist who teaches children born preterm, especially children
with physical problems, could acquire a greater understanding of how the birthweight,

gestational age, and family characteristics may affect motor performance. Therefore, the



results of this investigation may ultimately provide better teaching of motor skills to
children born preterm. Finally, the results of motor skills performances are of direct
benefit to educators, who usually have a diversity of children to teach. Educators are able
to use data on the motor skills delays of children born preterm that may be imperative to
developing sound intervention programs.

Need for Study

Decreases in perinatal and neonatal mortalities made in the last two decades
(Deloian, 1997) have resulted in an increase in the population of infants who survived a
preterm birth. Improved perinatal care has resulted in an increased number of survivors
born very low birthweight (VLBW), or below 1500 g (Keily, Paneth, Stein, & Susser,
1981). There has been concern about the quality of survival for these infants. Lorenz,
Wooliever, Jetton, and Paneth (1998) summarized the literature on mortality rates and
prevalence of major neurodevelopmental disabilities in extremely premature neonates
born from 1977 to 1994, using postconceptional age. They reported that the prevalence
of disabilities has not changed among extremely immature (born at or before 26 weeks
gestation) or extremely small (a birthweight of 800 g or less) survivors. Increasing the
survival rate of these extremely immature and small infants has resulted in a steadily
increasing number of children with disabilities, even though the rate of disabilities has
remained stable. The number of children born with disabilities may make increasingly
urgent the need to discover the extent to which children born preterm have certain motor
skills problems, in order to develop intervention programs.

Children born preterm seem to have developmental delays despite demonstrating

catch up (Goldson, 1992). Neurological development, poor physical growth, delayed



intellectual development (particularly in children born VLBW), delayed language
development, learning disabilities, and problems in conduct and socialization in later
childhood and early adolescence have been reported in the population of children born
preterm (Caputo, Goldstein, & Taub, 1981). Although there has been general agreement
on a decreased incidence of major disabilities with the increasing gestational
age/birthweight of the survivors, the incidence of “soft” neurological signs, such as minor
neurodevelopmental abnormalities, learning disorders, or concerns about school
performance, have been less well evaluated (Calame et al., 1986). Calame et al. reported
that minor neurodevelopmental abnormalities happen with children born preterm, so
these children need to have their motor skills evaluated in detail.

Breslau, Chilcoat, DelDotto, Andreski, and Brown (1996) studied 6-year-old
children born low birthweight (LBW, <2500 g; n = 473) with the same age of children

born normal birthweight (NBW, >2500 g; n = 350) on tests measuring specific
neurological abilities. All participants were controlled for population site, race, maternal
IQ, and education. In 1990 to 1992, the researchers randomly selected and evaluated the
children born LBW and NBW who were born from 1983 to 1985. Some of the tests
chosen included the Visual-Motor Integration (Berry, 1989), Judgment of Line
Orientation (Benton, 1983), Grooved Pegboard (combined) (Knights & Moule, 1968),
Finger Agnosia, and Fingertip-Writing Recognition (Reitan & Davison, 1974)
instruments. The children born LBW scored significantly lower than the children born
NBW for language (receptive syntax, verbal reasoning, and receptive phonologic
awareness), spatial (visual motor and visual perceptual), fine motor coordination, tactile

perception, and attention abilities. Further, the researchers found that there were



significant differences between the children born LBW and NBW, with IQs above or
equal to 80, detected on syntactic and phonologic receptive language, verbal reasoning,
spatial skills, tactile perception, and focused attention tests. These researchers reported
that the observed deficits associated with LBW were not confined to the subset with
subnormal IQ. Despite the fact that Breslau et al. used a diversity of instruments in their
study, they did not discuss any fine motor skills problems of their participants.

Prematurity and Motor Performance

Despite improvements in technology, neurological developmental (and/or motor
developmental) concerns might be one of the most serious problems of young children
born prematurely. Drillien, Thompson, and Burgoyne (1980) have reported a high
prevalence of minor neurological dysfunction in school-aged children who were born
VLBW, seen mainly as poor motor coordination and clumsiness. Greenspan and Porges
(1984) claimed that children born LBW were at risk for neuromotor, learning, and
cognitive problems. According to Luther, Edmonds, Luther, Lacy, and Asztalos (1996),
most of the children born extremely low birthweight (ELBW, 720 g, 25.8 weeks, n = 74)
displayed intelligence scores that increased steadily over time, up to 9 years of age. By
age 9, however, the children were still performing poorly on a number of variables.
Gross motor development was in the low to average range, and fine motor skills were
below average. In contrast, intellectual functioning, spelling, reading, written expression,
perception, language skills, and visual-motor functioning were average.

Children born VLBW seemed to have problems with fine motor skills (Klein,
Hack, & Breslau, 1989) and on visual-perceptual and visual-motor tests (Klein, Hack,

Gallagher, & Fanaroff, 1985), despite having benefited from modern neonatal intensive



care. Jongmans, Mercuri, Dubowitz, and Henderson (1998) published a study that
children born preterm, who had perceptual motor difficulties, were more likely to show
co-occurring minor neurological signs and problems in cognition, reading, and/or
behavior. They studied children born preterm (<35 weeks; n = 156) aged 73 to 93
months with reference children (n = different numbers for each test) on tests of
perceptual-motor difficulties and contemporaneous problems in other domains of
development (e.g., neurological functioning, intelligence, reading, and behavioral
adjustment). The researchers reported that significant differences appeared between the
test and reference children on all measures. Of the children who were born preterm, 48%
had perceptual-motor problems and only 10% of children who born were preterm had no
other problems. These researchers also reported that these children had been of shorter
gestation and had more frequently shown a brain lesion on the ultrasound shortly before
birth.

Limitations of Research on Motor Performance and Prematurity

The motor skills of children who were born preterm and/or VLBW, during the
first few years of life, have been studied by a number of researchers (Commey &
Fitzhardinge, 1979). However, few researchers have studied the motor development of
children in detail once they have reached school age (MacDonald, Burns, & Mohay,
1991).

More global measures, related to the cognitive area, intelligence, and neurological
development, have been used in studies of children born preterm and/or LBW. Some
medical literature on abnormalities in the neurological examination of children born

preterm included visual and auditory deficits (Forslund, 1992; Ounted, Moar, & Scott,



1983), but excluded gross and fine motor skills areas. The literature also lacks the
qualitative manner in which motor tasks are undertaken, as opposed to the completion of
a specific task. Utilizing a qualitative approach yields a greater understanding of motor
development and functional performance (Gillberg, 1985) that might benefit the design of
intervention services.

One problem with interpreting the research completed (Forslund, 1992; Luoma,
Herrgard, & Martikainen, 1998; Michelsson & Noronen, 1983; Ohlweiler, Alfano, &
Rotta, 1996) was that a variety of instruments (see Table 1) were used to determine the
motor development of children. The neurological area/motor development of children
born prematurely has been examined using a variety of motor skills and/or neurological
measurements, as shown in Table 1. A commonly used instrument for testing motor
skills was the Test of Motor Impairment (Stott, Moyes, & Henderson, 1972, 1984), used
for studying motor performance and LBW.

Furthermore, many studies have even grouped children born LBW using different
categories, as shown in Table 2. For instance, the categorization of children born LBW
has varied from less than 2000 g (Pharoah, Stevenson, Cooke, & Stevenson, 1994;
Sommerfelt, Ellertsen, & Markestad, 1996) to less than 2500 g (Bjerre & Hansen, 1976).
These findings were further confounded because the studies included children with
disabilities (Hertzig, 1981; Pharoah et al., 1994) or without major disabilities (Elliman,
Bryan, Elliman, Walker, & Harvey, 1991; Sommerfelt et al., 1996) in their participant
sample.

Professionals have carried out follow-up studies of infants born VLBW in many

different countries with a variety of interdisciplinary interests. As a result, Kopp



Table 1

Instruments which Motor Performance Studies Have Used for Children Born LBW

Studies Instruments References

Sommerfelt, Ellertsen, &
Peabody Development Motor Scales (Folio, 1983)
Markestad (1996)

Pharoah, Stevenson, Cooke,

& Stevenson (1994) and

(Stott, Moyes, &
The Scottish Low Test of Motor Impairment

Henderson, 1984)
Birthweight Study Group

(1992)

(Birch & Gussow,
Dr. Lawrence Taft -- muscle tone
Hertzig (1981) 1970) (Rutter &
Several balance tests

Yule, 1970)

Motor Impairment Test based on a (Stott, Moyes, &
Drillien, Thomson, &

revision and adaptation of the Henderson, 1972)
Burgoyne (1980),

Oseretsky Tests and the Bender (Oseretsky, 1931)
longitudinal

Gestalt Test (Bender, 1938)

Elliman, Bryan, Elliman,  Gross & fine motor coordination and (Gubbay, 1975)

Walker, & Harvey (1991) balance modified (Touwen, 1979)

Note. LBW = Low birthweight.
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(1983, p. 1110) insisted that "an unsystematic, un-cohesive, and decidedly atheoretical
research literature” has accumulated. Kitchen et al. (1982) similarly concluded that
international and interdisciplinary discrepancies in findings mean that dissimilar
viewpoints have (similar to those reported in Benton’s review article (1940) continued
for over 4 decades. Information for children born preterm and/or LBW and concerning
neurological development after the 1990s has been scarce.

Moreover, information regarding motor skills of children who have been treated
using the most recent medical technology and drugs such as surfactants and antenatal
corticosteroids, which have been shown to significantly reduce the risk of neonatal
mortality, has been lacking. Other advances in neonatal technology, such as high
frequency oscillation ventilation (HFOV), intrapartum antibiotic prophylaxis against
group B streptococcal infection, and nitric oxide ventilation, have also been used (Rennie
& Bokhari, 1999). The population of children treated has increased greatly and the
number of morbidity cases has also increased. Comprehensive and improved systems are
needed for follow-up of high-risk infants to detect and remediate problems early
(Lindeke, Mills, Georgieff, Tanner, & Wrbsky, 1998).

The effectiveness of the current medical technology treatments of surfactants and
antenatal corticosteroids on children born preterm could not have been known for 5-10
years. The reason was that the new treatment was not frequently being used until the
1990s, and the treatment required a sizable number of children born preterm to reach the
preschool/school age at which evaluation of motor skills became possible. Because one
must wait for any long-term effects to appear before determining the full value of the

treatment, there has been little time for studies to be performed and published.



Another issue of importance was determining the impact on motor performance of
using adjusted age for children who were born preterm. Some researchers, such as
Ouden, Rijken, Brand, Verloove-Vanhorick, and Ruys (1991) and Palisano, Short, and
Nelson (1985), suggested that correcting for prematurity was necessary. Palisano et al.
suggested that such a correction was required “for equating healthy preterms to fullterm
one-year-old infants.” The adjusting of age was suggested only for the first year of life
by Ouden et al. (1991), but Palisano et al. (1985) suggested that exploring other ages for
children born preterm was necessary. Other researchers (Yvonne R. Burns & Bullock,
1985) indicated the need for adjusted age of a child born preterm for up to 5 years after
birth.

In summary, the limitations in the previous research on prematurity included: (a)
lack of follow-up study of school-aged children; (b) variety of test instruments; (c)
inconsistency in definitions of levels of prematurity; (d) lack of information on the long
term effects of new medical treatments and technologies; and (e) lack of consensus on the
use of adjusted ages for children born preterm. This study was designed to address these
limitations as best as possible and to provide both quantitative and qualitative information
upon which intervention programs could be developed.

Purpose of the Study

The purpose of this study was to investigate the motor skills levels of children
ages 3.5 to 7 years born in the Preterm (PT) and Fullterm (FT) groups. If the children
born preterm showed a greater likelihood for problems with motor skills, then finding out
at an early age would have been beneficial because it would have been a good time to

improve the motor skills through practice. In a collaborative study, infants born preterm
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enrolled in the early intervention program had mean IQ scores that were significantly
higher than the control group at the 5-year follow-up (Cecelia M. McCarton, Wallace, &
Bennett, 1995). Recognition and intervention of clumsiness or disabilities at an early
age may have prevented many emotional and behavioral complications later on (Drillien
& Drummond, 1977). For instance, the clumsy child may have had difficulty learning
motor skills, and repetitively failing in a task may make him or her frustrated, as well as
may not be helpful in developing self-esteem in motor skills.

Three groups were defined in this study and these groups were stratified as

follows: the children born in the Preterm I (PT I) group (n = 6) included birthweights
<1000 g and gestational ages of 24 to 28 weeks; the children born in the Preterm II (PT

IT) group (n = 6) included birthweights from 1001 to 1500 g and gestational ages of 29 to
34 weeks; and the children born in the FT group (n = 10) included birthweights from
2300 to 3800 g and gestational ages of 38 to 41 weeks.

The hypotheses (H) and research questions (RQ) were developed to answer
specific objectives in this study for the PT I, PT II, and FT groups. These objectives were
to determine the differences in motor skills levels among the three groups and the
relationship of the heights of the parents and the physical growth of the children.

In addition, other questions arose to answer issues not handled by the hypotheses
and research questions. The assessment of neurological soft signs among the three
groups was used to determine if there were any differences in the types of neurological
soft signs and their frequencies. The potentially influencing variables (e.g., physical
growth, adjusted age, total ABILITIES Index, and duration of participation in preschool)

to motor skills scores beside birthtype were also answered.
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Hypotheses and Research Questions

Hypotheses were designed when the investigator found supportive information in
the review of literature. Research questions were designed when the data were equivocal
or unavailable. The motor skills instruments used included the McCarron Assessment of
Neuromuscular Development (MAND) and Motor Performance Study (MPS). The
physical growth measurements included the heights, weights, and Body Mass Indexes
(BMIs) of the children.

Motor Skills

H1l.  The children born in the PT I and PT II groups perform less well than the children
born in the FT group on the MAND score of general motor skills (Neuromuscular
Development Index, or NDI).

RQ 1. Are there differences between the children born in the PT I, PT II, and FT groups
in the MAND subtests (total scaled score of fine motor skills and total scaled
score of gross motor skills)?

H2.  The children born in the PT I and PT II groups perform less well than the children
born in the FT group on the total score of MPS.

RQ2. Are there differences between the children born in the PT I, PT II, and FT groups
on MPS subtests (total score of locomotor skills and total score of object control
skills)?

Physical Growth

H3.  The children born in the PT I and PT II groups are shorter than the children born

in the FT group.



H4.  The children born in the PT I and PT II groups weigh less than the children born

in the FT group.
H5.  The children born in the PT I and PT II groups possess a smaller BMI than the

children born in the FT group.

Delimitations

This study was delimited to qualitative and quantitative analyses of gross and fine
motor skills and to the physical growth of children aged 3.5 to 7 years, who were born PT
or FT. The birthweights and gestational ages were used to define the children who were
born PT or FT. The children who were born in the PT groups included birthweights
<1500 g and appropriate for their gestational age (AGA). The children who were born in
the FT group included birthweights between 2300 and 3800 g and were AGA.

Limitations of Study

1. The sample set selected for this research was not random, but consisted of
subjects born in Sparrow Hospital, located in the Midwest, who were matched on the
basis of the following criteria. The children who were born PT included birthweights
<1500 g and AGA. The children who were born FT included birthweights from 2300 to
3800 g and AGA. All of the children were from 3.5 to 7 years old. Generalization of this
study may therefore be limited by characteristics unique to the individuals that
participated in this study.

2. Environmental influences, such as seasonal and daily variations in
temperature and humidity, time of day, test order, and the presence of other individuals

while testing was in progress, may have influenced individual performances differently.
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3. The testing in this study was limited to the late winter and early spring of

2001.

Definitions of Key Terms

Adjusted (corrected) age — The chronological age minus the weeks of prematurity.

Appropriate for Gestational Age (AGA) — The range of birthweights (10% — 90%)
that are considered appropriate for an infant of a certain gestational age.

Apgar score — Evaluation of the general condition of a newborn soon after birth;
numerical values are assigned to the status of heart rate, respiratory effort, reflex
irritability, muscle tone, and skin color. A total score of 8 - 10 denotes a newborn in
excellent condition, while a total score of 0 - 2 denotes a newborn in poor condition
(Apgar, 1953). Apgar suggested that an observer, other than the person who delivered
the infant, be the one to assign the score, and that an automatic method of announcing the
passing of 60 seconds after birth be used.

Children born in the FT group — The children who were born on or after 38 weeks
from the first day of the mother’s last menstrual period. In the current research, they
were called “children born in the FT group” or “children born fullterm” so that the human
aspect was emphasized first, even though many rescarchers have used the term “fullterm
children.” The children born in the FT group in this research were defined using a
gestational age from 38 to 41 weeks and a birthweight from 2300 to 3800 g and AGA.

Children born in the PT group — The World Health Organization (WHO) (1980a)
defined as the children who were bomn prior to 37 weeks (less than 259 days) from the
first day of the mother’s last menstrual period. In the current research these children

were called “the children born in the PT group,” “children born preterm,” or “children
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born prematurely” so that the human aspect was emphasized first, even though many
researchers have used the term “preterm children.” The children born in the PT groups
(PT I and PT II) in this research were defined using a gestational age <34 weeks and a
birthweight <1500 g.

Disability — The loss or reduction of functional ability and/or activity as defined
by the WHO (1980b). A more detailed review has been presented in Chapter 2.

Fine motor skills — The involvement of the small muscle systems of the fingers,
hands, and arms (Payne & Isaacs, 1999).

Gestational age — The best estimated gestational age assigned by the obstetrician
and/or pediatrician as based on the last menstrual period to delivery and corrected by
ultrasound imaging and/or physical examination (Dombrowski, Wolfe, Brans, Saleh, &
Sokol, 1992).

Gross motor movement — The involvement of the large muscle systems of the
body (Gallahue, 1989).

High-risk infants — Including infants of very low birthweight, those born preterm
and under-grown (LBW); those with prior central nervous system symptomatology
(infections, seizures, and hemorrhages), chronic respiratory disease, or significant
congenital or recurrent infections; and those with slow progress in reaching milestones
appropriate for their postconceptional age (Desmond & Thurber, 1988).

Locomotor skills — Movements that involve a change in location of the body
relative to a fixed point on the surface, for instance walking, jumping, running, hopping,

skipping, sliding, leaping, and galloping (Gallahue, 1989).
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Moderate-risk infants — Including infants who were born following adverse
perinatal circumstances (e.g., prolonged rupture of the membrane), and those with illness
who nevertheless made good physiological progress prior to discharge (e.g., birth
asphyxia requiring resuscitation but stable at 30 minutes). The infants born at great
psychosocial disadvantage (e.g., lethargy, irritability) would also fit into this category
(Desmond & Thurber, 1988).

Neurological soft signs - Including behavioral, perceptual, and motor indicators of
central nervous system (CNS) dysfunction that cannot be substantiated through hardware,
such as an electroencephalogram (Sherrill, 1998). Gencral categories include the
following, with additional details discussed in Chapter 2.

e Bechavioral soft signs - Pertaining to hyperactivity, conceptual rigidity,

attention deficits, inappropriate reactions, and emotional liability (instability).

e Perceptual soft signs - Including defective visual discrimination of letters

(confusion of b and d; p and q; u and n; b and h) and words (reversals like saw
for was, dog for god), auditory discrimination problems, and deficits in
organizing, remembering, and repeating sequences.

e Motor soft signs - Including static and dynamic balance deficits, associated

and choreiform (twitching) movements, awkwardness, and agnosias.

Educators often consider motor soft signs to be perceptual-motor difficulties.
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CHAPTER 2
REVIEW OF LITERATURE

Premature birth can have long term effects on children in both the cognitive and
neuromuscular domains. The degree of consequences resulting from prematurity
depends upon numerous factors, including birthweight, gestational age, complications
from medical illness, and advanced medical care. This review summarizes the
information related to: (a) how children who were born prematurely have been defined in
current medical literature; (b) medical advances that have made improvements in long
term outcomes of children who were born prematurely; (c) definitions of disabilities and
neurological soft signs; (d) cognitive and social/emotional characteristics of children who
were born prematurely; (e) what was known about the relationship among prematurity,
neuromotor development, and motor performance; (f) current studies in which new
technology has been used to treat the developmental outcomes of children who were born
prematurely; and (g) the consideration of methodological ways of studying children who
were born prematurely.

Definition and Classification of Infants Born Prematurely

Traditionally, a birthweight of 2500 g or less was used to define infants born
preterm (Stanley, 1977). In 1950, the WHO was instrumental in introducing the term
“low birth weight” for infants weighing less than or equal to 2500 g in place of the term

“premature” (Ensher & Clark, 1994). LBW has been specifically classified in research
and medical information as: (a) ELBW, defined as birthweight <1000 g (2.2 Ib); (b)

VLBW, defined as 1001 — 1500 g (2.2 - 3.3 Ib); and (c) LBW, defined as 1501 - 2500 g

(3.3 - 5.5 Ib) (Deloian, 1997).



Also, because precise gestational age has been difficult to know with certainty,
most studies of prematurity have used a birthweight definition equating birthweights of
2500 g or less with preterm (Boldman & Reed, 1976; Stubblefield, 1984). The number of
infants born LBW has usually been larger than the number of infants born preterm,
making national or international comparisons difficult (Bragonier, Cushner, & Hobel,
1984). By recent international agreement, an infant born preterm is one born prior to 37
weeks (less than 259 days) from the first day of the mother’s last menstrual period
(World Health Organization, 1980a).

Many researchers and other professionals in the medical field have used both
gestational age and birthweight when they dealt with infants who were born preterm.
The identification of the newborn group using gestational age information as well as
birthweight information was utilized in order to define high-risk, sick infants easily and
to take care of them at an optimal level (Battaglia & Lubchenco, 1967; Pernoll, Benda, &
Babson, 1986). Battaglia and Lubchenco (1967) have provided a practical classification
of newborn infants by birthweight and gestational age data from the University of
Colorado Medical Center. However, their data might not be appropriate for use in other
states given that Colorado has such a unique environment, being approximately 1 mile or
more above sea level, and the population in this study was Caucasian. Nevertheless, the
current study used the University of Colorado Medical Center classification of newborns
by birthweight and gestational age for categorizing the children, for lack of a more
complete classification scheme at the time that the current study was conducted. In

addition, the investigator cautiously omitted any children whose parents were not born in
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the USA, to restrict the influence of non-American environments (nutrition, standard of
living, understanding English, etc.).

Since the current study was completed, the investigator came across an updated
fetal growth chart. Alexander, Himes, Kaufman, Mor, and Kogan (1996) developed a
fetal growth chart based upon over 3 million mothers in the United States during 1991.
The data came from resident live births across the entire U.S. and demonstrated the
average (50" percentile) as well as the upper (90" percentile) and lower (10" percentile)
limits for children born AGA. The cut-offs for AGA were designated small for
gestational age (SGA: 10™ percentile) and large for gestational age (LGA: 90™
percentile). Any data that appeared to be implausible were omitted to produce the
trimmed growth curves presented in Figure 1. When compared to other fetal growth
charts constructed, such as the one by Battaglia and Lubchenco, the other growth charts
tended to underestimate the growth curve established by Alexander et al. Although the
U.S. National Reference for Fetal Growth chart was not used for this study, it was
included here as an admission that a more accurate and up-to-date reference chart was
available to future researchers.

Medical Advances and Infants Born Prematurely

This section addresses significant variables, such as the use of surfactant therapy
and antenatal steroids, that have increased the survival rate of infants born prematurely.
The latter part of this section discusses problems of and concerns for infants born
prematurely when considering advanced medical technology. Overall, this section

provides some insight into why follow-up studies are beneficial and needed.
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Figure 1. The 90“‘, 50"‘, and 10" percentiles, respectively, of birthweights for gestational
ages before and after trimming implausible data. Data were taken from U.S. resident
mothers (N = 3,134,879) from 1991. From “A United States National Reference for Fetal
Growth,” by Alexander, Himes, Kaufman, Mor, and Kogan, 1996, Obstetrics &
Gynecology, 87(2), p. 165. Copyright 1996 by the American Psychology Association.

Adapted with permission of the author.
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Improvements in Medical Technology

Much advancement has taken place in the medical practice and technologies that
have become available to infants born prematurely and their mothers. One such
advancement is the better communication between the people of the intensive care
nursery, the primary care physician, the child developmentalist, and the directors of
community resources programs for education and rehabilitation (Desmond & Thurber,
1988). There have also been medical advances made in respirator design, monitor
technology, reduction of the volume of blood necessary for specialized tests, and the
sophistication of new diagnostic techniques. New drugs can be used to control premature
labor, often preventing delivery for crucial days or weeks. Various types of steroids,
such as betamethasone or dexamethasone, can be given to the mother in an attempt to
prevent Respiratory Distress Syndrome (RDS) in infants. New imaging techniques like
the CAT (computerized axial tomography) scan and ultrasound have provided a more
accurate diagnosis and better treatment of infants born prematurely (Sammons & Lewis,
1985).

Neonatal Intensive Care Unit (NICU) Program

The NICU program is a cooperative, coordinated effort by health-care providers
in a defined geographic region to intervene in the perinatal period to make available to
every neonate (from birth to 28 days of age) a level of medical care that is proportional to
the perceived risk of neonatal death or serious morbidity (Stahlman, 1984). In general,
5% to 6% of all newborns require intensive care (Deloian, 1997). Fifty percent of NICU

admissions were LBW, 25% were VLBW, and 1% were ELBW, according to Deloian.
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Many different methods of treatment have been utilized without using controlled
clinical trials. In other words, treatment methods have not been uniformly applied in
different units. Therefore, it is not surprising that differences in survival and morbidity
have been reported among NICU programs (Avery et al., 1987, Horbar et al., 1988).

Effects on Mortality and Morbidity of NICU Program

Richardson et al. (1998) reported data from the same two hospitals during 1989 -
1990 and 1994 - 1995 (N = 739) with the following results. The NICU’s mortality rates
declined from 17.1% to 9.5% and the total mortality declined from 31.6% to 18.4%
during that 5-year period. Specifically, mortality decreased nearly 50% for infants <1500
g in just 5 years.

During the most recent decade, the decreasing mortality rate has been correlated
with a decreasing morbidity rate among infants. Sheth (1998) examined 4164 admissions
to a contemporary NICU between 1986 and 1995. Despite the fact that a larger annual
proportion of infants survived during this period (88% to 96%, 1986 and 1995), the
percentage of infants with neurologic disorders had correspondingly decreased (from
27% to 12%, respectively). In contrast, Emsley, Wardle, Sims, Chiswick, and D’Souza
(1998) studied infants born between 1984 and 1989 (cohort 1) and between 1990 and
1994 (cohort 2) for the rate of survival for 23- to 25-week gestational ages. They noticed
that the discharge rate increased significantly from 27% to 42% and that the rate of
disabilities in survivals increased from 38% to 68%; most of this increase was in mild
disabilities. The proportion of survivors with cerebral palsy did not alter significantly
(21% vs. 18%), but there were more survivors with blindness due to retinopathy of

prematurity (4% vs. 18%), myopia (4% vs. 15%), and squints (8% vs. 13%) contributing
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to the rate of disabilities. Even though the rate of morbidity remained constant, the
increasing rate of preterm survivals had led to an increase in the number of children who

had disabilities.

Advanced Medical Technologies

Major therapeutic improvements have included the introduction of surfactant
replacement therapy (Jobe, 1993; Vermont-Oxford Neonatal Network, 1996), high-
frequency ventilation (Clark, Gerstmann, Null, & deLemos, 1992; Clark, Yoder, & Sell,
1994), and corticosteroid treatment for chronic lung injury (bronchopulmonary dysplasia,
or BPD) (Rastogi, Akintorin, Bez, Morales, & Pildes, 1996). Examples of improved
obstetric care include better ultrasound imaging for gestational dating and for measures of
fetal well being (Manning, Harman, Menticoglou, & Morrison, 1991), and more
aggressive use of steroid treatment (L. W. Doyle et al., 1986). Delay of delivery with
tecolytics (Canadian Preterm Labor Investigators Group, 1992) and possibly more liberal
use of cesarean section for preterm deliveries have also contributed to an increase of
infants born preterm.

The National Institute for Child Health and Human Development (NICHD) has
reported that the use of caesarean deliverics, antenatal steroids to treat chronic lung
disease, and surfactants to treat RDS have positively contributed to the survival of babies
who were born VLBW (Hack et al., 1995). The centers in the NICHD network began
using surfactant therapy to treat respiratory problems in late 1989 (Hollander, 1995).
Approximately 20% of women were given antenatal steroids, two-thirds of them
receiving a full course of antenatal steroids, according to Hollander. One-half of all

infants were delivered by caesarean section; slightly more than one-third of all infants
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weighing 750 g or less were delivered by caesarean section. Weight had a direct impact
on the need for incubation with 75% of infants weighing 1000 g or less, 50% of infants
weighing 1001 - 1250 g, and 33% of infants weighing more than 1,250 g being placed in
incubators.

Using Surfactant Replacement Therapy

Since the first successful clinical use of bovine surfactant in 1980 by Fujiwara et
al. (1980), surfactant replacement therapy has been shown to be effective in modifying
the course of RDS in a number of clinical trials (Jobe, 1991). The administration of
surfactants at birth has been the goal of preventing RDS. Although its use has reduced
the severity of RDS, it has not appeared to prevent RDS completely nor consequently
reduced the incidence of BPD, according to Jobe.

Giving surfactants soon after birth and then re-treating neonates who develop
RDS results in less RDS and improved survival. These results generate a high benefit-to-
risk ratio for this therapy, and although the safety of surfactants continues to be
scrutinized intensely, it is encouraging that no side effects or adverse consequences of the
therapy have been identified (Hoekstra et al., 1991).

Early use of a synthetic surfactant can improve the morbidity and mortality rates
for premature infants with RDS (Long et al., 1991). A study was conducted of 789
neonates weighing 600 to 1750 g at birth and who developed RDS within 6 hours of
birth. These infants were assigned randomly to receive either 100 mg of phospholipid/kg
doses of Survanta, a modified bovine surfactant (n = 402), or a fake dosing (n = 396).
Neonates who received Survanta had a greater improvement (p < .001) in their

oxygenation and ventilatory status from baseline to 72 hours than did control neonates.
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Survanta-treated neonates were also at a lowered risk for developing pulmonary
interstitial emphysema (18.6% vs. 39.3%, p < .001) and other pulmonary air leaks (11.5%
vs. 25.9%, p <.001). Liechty et al. (1991) concluded that multiple doses of Survanta
given after diagnosis of RDS reduced mortality and morbidity. The beneficial use of
surfactant therapy has yielded an almost universal positive finding among the controlled
clinical studies and has been shown to be consistent with the airway stabilizing effect of a
surface-active agent.

Using Antenatal Steroids

Chronic lung disease (CLD, includes RDS and BPD) is a common finding in
neonatal intensive care, especially among infants born prematurely (Greenough, 1998).
Halliday and Ehrenkranz (2002) conducted a meta-analysis of the literature and showed
that moderately early (started between 7 and 14 days after birth) administration of
antenatal corticosteroids significantly reduced the incidence of CLD and neonatal
mortality. In addition, premature survivors who had received antenatal corticosteroid
therapy had a lower frequency of RDS (Kuhn et al., 1982; Liggins & Howie, 1972)
because antenatal corticosteroid therapy reduced the incidence of intraventricular
hemorrhaging in infants born prematurely (Stonestreet, Petersson, Sadowska, Pettigrew,
& Patlak, 1999).

Antenatal corticosteroid therapy has been documented as positively affecting
physical growth. Doyle et al. (1986) investigated whether antenatal steroid therapy had
any beneficial or harmful effects on mortality or morbidity over the first 2 years of life.
Two-year survivors who had received the treatment were heavier (p = 0.016) and had

larger head circumferences (p = 0.029) than the other children. These beneficial

25



associations in the treated group were not at the expense of increased rates of infection or
adverse neurological outcomes. Dore (2001) also reported positive growth effects on
children born less than 1501 g who had been exposed to antenatal corticosteroids. The
children (N = 130) were divided into two groups, those whose mothers had received a
single course of antenatal corticosteroids shortly before giving birth and those whose
mothers received no antenatal corticosteroids. The children were assessed at 14 years
using the measurement of several physical growth factors, including height, and several
tests, one of them based on cognition. Dore found that the children who had received a
single course of antenatal corticosteroids (51%) were taller and scored better cognitively
than children who had not received any antenatal corticosteroids.

A survey of consultants performed in 1994 revealed that the intention to treat
using steroids had increased to 95%, compared with 66% who would have used steroids
prior to 1992 (M. Doyle, Hamilton, Johanson, & O'Brien, 1994). However, several
researchers do not agree with repeated uses of antenatal corticosteroids. Guinn et al.
(2001) studied 502 pregnant women between 24 and 32 weeks gestation. All women
were given one course of antenatal corticosteroids, with 256 receiving additional weekly
courses of the antenatal corticosteroid until giving birth, and the remaining 246 women
receiving a placebo each week until giving birth. Guinn et al. noted that weekly courses
of antenatal corticosteroids did not reduce composite neonatal morbidity (which included
severe RDS, BPD, severe Intraventricular Hemorrhage, and perinatal death, among other
items) when compared with a single course. The National Institutes of Health released a

consensus statement (2000) that supported the use of a single course of antenatal
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corticosteroids, but declared that repeat courses should be reserved for patients enrolled
in clinical trials.

In contrast, antenatal corticosteroid therapy has also been documented as
negatively affecting birthweight. Lam, Yuen, Lau, and Leung (2001) conducted a
retrospective study to find a relationship between the number of courses of antenatal
corticosteroids and the birthweight relative to gestational age. The birthweight ratio
(actual birthweight over median birthweight for gestational age) was negatively
correlated with the number of courses of antenatal corticosteroids. Moreover, being
exposed to four or more courses of antenatal corticosteroids created a significant
reduction in the birthweight ratio. Future studies may need to explore the effectiveness
of antenatal corticosteroids given to infants who were born prematurely.

Considerations of Advanced Medical Technology

Technical advances and improvements in obstetric and neonatal care have been
mainly responsible for the improved survival of high-risk neonates and for the
accompanying improvement in the quality of the survivors (Amiel-Tison, Korobkin, &
Klaus, 1986). With the advances in obstetrics and neonatology since the mid-1960s,
there has been a tremendous improvement in the survival of infants born prematurely, a
lowering of the limit of viability, and a decrease in the incidence of major disabilities and
sensory impairments (Escobar, Littenberg, & Petitti, 1991). Also, the majority (>90%) of
children born VLBW since the mid-1960s have attended regular schools (Drillien et al.,
1980; Saigal, Szatmari, Rosenbaum, Campbell, & King, 1991). This improvement alone
would appear to justify the tremendous amount of money, energy, and expertise required

to obtain these outcomes (Allen, Donohue, & Dusman, 1993). However, these findings
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do not tell the whole story. A careful look at the various manifestations of minimal
cerebral dysfunction (i.e., Attention Deficit Hyperactivity Disorder) in children born
preterm has helped to clarify the true impact that prematurity has had on the child, his or
her family, and society at large (Allen et al., 1993).

While preterm survival rates have improved, the population of infants with ever-
lower birthweights has had an ever-higher incidence of neonatal morbidity and
neurodevelopmental impairment during childhood (Ahmann, 1996). Richardson et al.
(1998) have suggested that it is disappointing that the rate of VLBW births remained
completely unchanged (25/1000 verses 26/1000) in the same two hospitals, 5 years apart
(1989 - 1990 and 1994 - 1995; N = 739), even though the distribution of the severity of
illnesses had improved strikingly. It may be necessary that follow-up studies of motor
performance in this population be executed in order to understand the implications of
preterm survival and LBW on motor performance.

Disabilities

Disabilities could be interpreted using a diversity of meanings, especially where
the society and economy influence who is not in the norm and thus considered to have
disabilities. Therefore, this investigator reviewed the current definitions commonly used
for disabilities, classifications, and ranges. Secondly, some researchers (Allen et al.,
1993; Hunt, 1981) reported that children born preterm had more neurological soft signs
than children born fullterm. The investigator then reviewed the relationship between soft
neurological signs and mild spastic, athetoid, or ataxic cerebral palsy in order to
understand the later review of different motor disabilities of children born preterm.

Finally, Allen et al. (1993) also reported that children born preterm had a combination of
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learning disabilities (LD) and neurological soft signs. Thus, the investigator also looked
at the relationship between neurological soft signs and Attention Deficit Disorder (ADD),

Attention Deficit Hyperactivity Disorder (ADHD), LD, or cerebral palsy.

Definition of Disabilities

In general, a disability is characterized by a physical, cognitive, psychological, or
social difficulty so severe that it negatively affects the person’s learning (Friend &
Bursuck, 1996). The WHO (1980b) defined disability as the loss or reduction of
functional ability and/or activity.

The federal law uses categories of disabilities including autism, deaf-blindness,
deafness, hearing impairment, mental retardation, multiple disabilities, orthopedic
impairment, other health impairment, serious emotional disturbance, specific or language
impairment, traumatic brain injury, and visual impairment including blindness (Sherrill,
1998). In 2001, the WHO (2001) published in International Classification of Human
Functioning, Disability and Health (ICF) using several components to define disability:
body functions and structures, activities and participation, and environmental factors.
These three components classified in ICF are quantified using the same generic scale.
The percentages are calibrated in different domains with reference to relevant population
standards (in percentiles), as follows:

1. NO problem (0%-4%) uses terms such as “none, absent, negligible, etc.”

2. MILD problem (5%-24%) uses terms such as “slight, low, etc.”

3. MODERATE problem (25%-49%) uses terms such as “medium, fair, etc.”

4. SEVERE problem (50%-95%) uses terms such as “high, extreme, etc.”

5. COMPLETE problem (96%-100%) uses terms such as “total.”
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On the other hand, the government decided that the lowest 16% of the population,
based upon motor skills tests, were eligible for special services (Sherrill, 1998). Adapted
physical activity professionals advocated for special help for any student whose test
scores repeatedly fell below the mean (50" percentile) or whose performance looked
clumsy to an expert observer, according to Sherrill. However, Sherrill reported that
disability has been a relative term that changes with federal legislation and school policy,
and appears to be tied in with the current state of the economy. Sherrill reported severe
disabilities as an IQ under 35 (i.e., a mental age between 0 and 3 years), serious
emotional disturbance, or autism and multiple disabilities included such combinations as
deaf-blindness and cerebral palsy/mental retardation, and were considered as severe
disabilities.

Sensorimotor Integration Problems

People who have cerebral palsy (damaged parts of the brain controlling body
movements and posture), movement difficulties, or clumsiness of unclear origin were
reported to have sensorimotor integration problems (Sherrill, 1998). Sensorimotor
integration (or called sensory integration) is defined as the organization of sensory
information for use (Ayres, 1980). This organization occurs within the brain and spinal
cord (CNS) and is called central processing. Sherrill reported that damage to the CNS
includes disease, injury, or activity deprivation of normalcy of function of environmental
factors, the other body systems, and aspects and motivation of psychosocial factors that
influence persistence and effort.

The normal adult has approximately 100 billion nerve cells, called neurons.

There are many kinds of neurons; in general, functions of neurons are described as motor,
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sensory, or associative (Sherrill, 1998). Developmental motor problems/disorders are
typically caused by damage to motor neurons in the brain. These conditions are defined
as upper motor neuron syndromes, to distinguish them from motor problems that have
their origin in the spinal cord (i.e., lower motor neuron syndromes), that are the result of
spinal cord lesions and cause weakness or paralysis.

Cerebral Palsy

Cerebral palsy is a nonprogressive movement or posture disorder that developed
in the immature brain. Spasticity, athetosis, and ataxia are different types of cerebral
palsy. Spasticity is primarily a problem of over excitation or too much tightness in the
muscles. Athetosis is a problem of excessive movement (i.e., inhibition is impaired).
Ataxia, or general incoordination, interferes with kinesthesis (Pellegrino, 1997).
Clumsiness

The severity of the CNS conditions determines whether the person is called
clumsy or cerebral palsied. Clumsiness, or the inability to perform culturally normative
motor/movements’ activities with acceptable proficiency, is caused by delayed or
abnormal CNS development, musculoskeletal limitations, and/or other constraints.
Without sophisticated laboratory equipment, determining the CNS site and other
contributing factors is difficult. Certainly sound motor functioning cannot occur without
intact sensory and central nervous processing systems (Sherrill, 1998).

Perceptual Motor Learning Problems

Diagnoses of clumsiness, developmental dyspraxia, or developmental
coordination disorder (DCD) could be caused by problems in perceptual motor learning.

Perceptual motor learning is the acquiring of knowledge about the self and environment
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through the integrated processes of sensation, perception, and action during spontaneous
or teacher-guided movement exploration. Perceptual motor learning is an appropriate
physical education goal for children who are from 2 to 7 years old without disabilities as
well as for individuals capable of cognition at the 2-year-old level or higher who are not
able to perform culturally normative motor activities with acceptable proficiency.
Individuals who meet the latter criterion are commonly diagnosed as being clumsy or
having DCD (Sherrill, 1998).

Perceptual motor learning consists of many overlapping components that
constitute center processing, and everything memory, cognition, perceptual motor,
sensorimotor, perception decoding, and attention is influenced by environmental
conditions, which manifest themselves through skill movements (Sherrill, 1998). For
example, without cognition area, processing cannot yield perceptual motor learning.

Leaming Disabilities

Learning disability is defined as a disorder in one or more of the basic
psychological processes involved in understanding or using language, spoken or writing,
which may manifest itself in an imperfect ability to listen, think, speak, read, write, spell,
or do mathematical calculations (Individuals with Disabilities Education Act, 1990,
section 1401; federal legislation). It also includes such disorders as perceptual
disabilities, brain injury, minimal brain dysfunction, dyslexia, and developmental aphasia
(caused by disease or injury, resulting in loss of ability to speak or understand written or
spoken language). Children who have learning problems that are primarily the result of
visual, hearing, or motor disabilities, mental retardation, emotional disturbance, or

environmental, cultural, or economic disadvantage are not included. Sherrill (1998)
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suggested that experts believe that a higher than average number of individuals with LD
have perceptual-motor, motor coordination, and other movement related problems that
require intensive work.

Developmental Coordination Disorder

The American Psychiatric Association (APA) and WHO officially recognized
Developmental Coordination Disorder (DCD) in 1987 and 1989, respectively. In the
most recent edition of the Diagnostic and Statistical Manual of Mental Disorder,
published by the APA (1994), the diagnostic criteria for DCD were performances in daily
activities that require motor coordination, which is substantially below that expected
given the person’s chronological age and measured intelligence. This might be
manifested by a marked delay in achieving motor milestones (e.g., walking, crawling,
sitting), dropping things, “clumsiness,” poor performance in sports, or poor handwriting.
A diagnosis of DCD is made only if the condition significantly interferes with academic
achievement or activities of daily living.

The description of DCD by the APA (1994) could be diagnosed separately from
other disabilities. DCD may be associated with coordination problems if caused by
specific neurological disorders (e.g., cerebral palsy, progressive lesions of the
cerebellum), but definite neurological damage and abnormal findings must occur during a
neurological examination. If mental retardation is present, DCD can be diagnosed only if
the motor difficulties are in excess of those usually associated with mental retardation.
An individual with ADHD may fall down, bump into objects, or knock things over, but

this is usually due to distractibility and impulsiveness, rather than motor impairment. If

criteria for both disorders are met, both diagnoses can be given. The term from the APA
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is DCD, but the WHO (1993) has given the title of “Specific developmental disorder of
motor function” (Sugden & Wright, 1998).

Neurological Soft Signs

Sherrill (1998) reported that many researchers indicated that children with LD
demonstrated neurological soft signs not present in the general population. Neurological
soft signs have been called by many names by different researchers. Over the past
century or so, neurological soft signs have been called soft signs, equivocal signs,
nonfocal neurologic signs, and minor neurological signs. The name “neurological soft
signs” has been the dominating term in recent literature (Tupper, 1987). Therefore, this
investigator decided to use “neurological soft signs.”

Neurological soft signs were originally defined in relation to the more traditional
pathognomonic signs, and represented signs that were ‘nonpersisting over time or
gradually improving with development’ (Tupper, 1987). Although usually considered
indicative of minor brain damage, neurological soft signs are temporary in that they go
away with time and/or age.

The categorization of neurological soft signs have been as unorganized and
fractured as the definition. One reason was that some categorizations included signs that
were considered normal for young children but eventually disappeared as the child aged.
Examples included right-left discriminations (sometimes mistaken for “mirroring”). In
addition, the subjective nature of attempting to identify neurological soft signs made
quantification difficult. Soft signs have problems with lack of reliability of appearance
over time, and future research needs to focus on longitudinal studies and address the issue

of stability of soft signs, while identifying in factors associated with their persistence or
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disappearance (McMahor & Greenberg, 1977). Soft neurological signs are sometimes
used to diagnose clumsiness, but they consist of unstandardized, unreliable, and highly
subjective items and are incapable of measuring accurately either clumsiness or any other
learning disability (Connolly, 1984).

Hall (1988) made clear the point that children who are diagnosed with clumsiness
should not be treated as though they have a disease. It was therefore generally
recognized that the symptoms of clumsiness were signs that could have been improved
through practice and/or age (Drillien & Drummond, 1977; Hall, 1988; Hertzig & Shapiro,
1987; Tupper, 1987). Age was not considered in determining the appropriateness of
recording neurological soft signs. The reader may decide for him/herself whether what
was shown for a child was considered normal or lagging in normal motor development.

Learning Disorder and Attention Deficit Hyperactivity Disorder

Not all children with LD have perceptual motor problems, such as an immature
body image and agnosia, poor spatial orientation, associated or overflow movements, and
motor proficiency problems. Sherrill and Pyfer (1985) studied learning problems of
children diagnosed by school psychologists as having LD, reporting that 12%
demonstrated no problems, 75% scored average on some tests but below average on
others, and 13% scored 2 to 3 years below normative standards for their age group on all
tests. Many children with LD have difficulty decoding, or making sense, of their bodies
and space, and LD causes are neurological, but problems are often confounded by
environmental conditions (Sherrill, 1998).

Attention deficit hyperactivity disorder (ADHD) is a combination of inattention

and/or hyperactivity, impulsive symptoms that are present in at least two settings and
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interfere with academic, social, and occupational functioning (American Psychiatric
Association, 1994). A higher than average percent of individuals with LD have ADHD
and related problems (Sherrill, 1998). Other behavior problems are inadequacies of
social imperceptions, perseveration/stubbornness associated with neurological soft signs
(e.g., conceptual rigidity, inappropriate reactions, perseveration), and misunderstandings
that stem from deficits in listening, thinking, and speaking skills.

Activity deficit phenomenon, recently verified by research (Bouffard, Watkinson,
Thompson, Dunn, & Romanow, 1996) is a sedentary lifestyle that results from avoidance
coping strategies that people with movement difficulties use to preserve self-esteem and
manage emotional pains related to clumsiness. Sherrill (1998) reported that early
intervention is nceded before activity deficit behavior becomes a permanent lifestyle.

Characteristics of Children Born Prematurely

An infant born prematurely who does not develop a major disability or sensory
impairment is still at risk for subtle abnormalities of CNS functioning (Kitchen, Ford,
Doyle, Rickards, & Kelly, 1990). Research has indicated that sometimes children born
prematurely are not diagnosed as having problems in infancy, as such problems may not
show up until the preschool or school years (Hunt, Cooper, & Tooley, 1988; Hunt,
Tooley, & Halvin, 1982; Teplin, Burchinal, Johnson-Martin, Humphry, & Kraybill,
1991). These deviations are not limited to school and behavior problems, according to
Kitchen et al. (1990). These later developmental problems can include language delay,
learning disability, minor neuromotor dysfunction, attention deficit, hyperactivity,
emotional inability, and behavior problems (Allen et al., 1993). Thus, this section

reviewed literature on the long-term developmental outcomes of children born preterm.
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Cognitive Characteristics

Children born VLBW/ELBW showed variability in their test scores and a slightly
lower range of I1Q scores than did children born NBW (Klein et al., 1989; Ornstein,
Ohlsson, Edmonds, & Asztalos, 1991; Saigal et al., 1991; Vohr, Garcia-Coll, & Oh,
1989). Although neurologically normal children born preterm with birthweights less than
(or equal to) 800 g experienced significant problems in the early school years, which was
reflected in their early cognitive assessment performance, these deficits did not appear in
their later assessments (Luther et al., 1996). For most children born preterm and ELBW
in this study, intelligence scores increased steadily over time. By 9 years of age,
intellectual functions were considered normal.

Ornstein et al. (1991) have provided an overview of the literature on children born
ELBW and VLBW who were then school age children. They examined nine studies of
children born ELBW and 16 studies of children born VLBW. The majority of children
had average IQ scores; however, there was a great variability in the test scores.
Additionally, populations of children born at ELBW, VLBW, and LBW demonstrated a
normal range of 1Qs, but the mean IQ was generally lower (Klein et al., 1989; Saigal et

al,, 1991; Vohr et al., 1989).
Preschoolers born VLBW (<1500 g, n = 36) with no major disabilities (cerebral

palsy, hydrocephalus, epilepsy, mental retardation, major sensory loss) differed from a
control group of children in cognitive development (gestational age 37 - 40 weeks, NBW
>2500 g, n = 40), matched for gender, ethnic origin, birth order, maternal age, and social
class (Lie, 1994). At 36 months, the VLBW group scored a mean IQ of 101.6 points (SD

= 8.8), significantly lower than the mean of 111.9 points (SD = 7.8) of the NBW groups
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(F=29.28,df=1.75, p < 0.0001). Comparisons of children born ELBW and VLBW
with control children born fullterm found that the children born ELBW and VLBW had a
significantly lower mean IQ than the control group, even when controlling for
socioeconomic status (SES) (Kitchen et al., 1980; Saigal et al., 1991; Teplin et al., 1991).
In other words, SES may not affect many children born ELBW and VLBW. However,
children born prematurely and/or LBW, from middle to higher SES, had positively
affected IQ scores compared to those from lower SES (Escalona, 1982). Children born
premature and/or LBW and from low SES, on average, scored 14 points lower in IQ than
groups of typically developing children born prematurely and/or LBW from middle to
upper class groups at 4 to 10 years of age (Escalona, 1982).

Compared to children born fullterm (>36 weeks, n = 264), children born very
preterm (<32 weeks, n = 264; both groups born in 1985), at 6 years of age, scored
significantly lower (approximately 1 SD) in cognitive measures (Wolke & Meyer, 1999).
Children born very preterm have particular problems processing complex information

requiring logical reasoning and spatial orientation and had major cognitive deficits (>2
SD lower) 10 to 35 times more often, and mild impairment (>1 to <2 SD) between 2 and

2.5 times more often, than the controls. For instance, using the mental processing
composite scale and simultaneous processing score, 26.1% and 34.8%, respectively, of
children born very preterm had serious problems, but only 0.8% and 1.1%, respectively,
of the control group had serious problems. Also, Hack et al. (1994) reported that children
with weights under 750 g had significantly poorer cognitive ability (according to the
Kaufman Assessment Battery for Children Mental Processing Composite Short Form,

(Kaufman & Applegate, 1988) than children weighing 750 to 1499 g and children born
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fullterm. Fifty percent of children born under 750 g had below 85 points on their mental
processing composite score, 28% of those weighing 750 to 1499 g at birth were below 85
points, and only 16% of children born fullterm scored likewise.

From the review of the cognitive area of children who were born preterm,
children born ELBW, VLBW, and LBW showed generally a normal range but lower 1Qs
than the children who were born fullterm (Klein et al., 1989; Saigal et al., 1991; Vohr et
al., 1989). Later in childhood, children born preterm and ELBW showed normal
intelligence functions despite below average indications earlier in childhood (Luther et
al., 1996). Some studies (Kitchen et al., 1980; Saigal et al., 1991; Teplin et al., 1991)
reported that SES did not affect the IQ of the children born ELBW/VLBW, but Escalona
(1982) reported that middle to upper class groups showed higher IQs among the children
who were born preterm/LBW.

Behavioral and Emotional Characteristics

Children born ELBW have been diagnosed with behavior problems. Rickards et
al. (1987) longitudinally studied 60 children, who were born at birthweights from 500 —
999 g (including those with disabilities) and delivered in one tertiary perinatal center
from 1977 to 1980. A multidisciplinary team assessed 59 of these 60 children at 2 years
of age (corrected for prematurity), and 3 years later 58 children were evaluated, at 5 years
of age. The psychologist noted behavioral problems during later assessment for 50% of
the children, while 29% of the mothers reported behavioral problems with their child that
could have interfered with their schooling.

A later study by Hack et al. (1994) reported that children born ELBW (<750 g; n

= 68, 45 females; M age = 6.7 years, SD = 0.9) had significantly inferior outcomes in
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behavior, social skills, and adapted behavior than did both children born weighing 750 to
1499 g (n = 65, 43 females; M age = 6.9 years, SD = 0.9) and children born fullterm (n =
61, 39 females; M age = 7.0 years, SD = 0.9). Behavioral tests used included the Manual
for the Teacher’s Report Form (Achenbach, 1991b) and the Manual for the Child
Behavior Checklist (Achenbach, 1991a), among numerous other instruments; individual
behavioral attributes and instruments were not described in detail in the article. Thirty-
seven percent of children born <750 g, 21% of those weighing 750 to 1499 g, and 21% of
children born fullterm showed behavior problems. However, children born <750 g (26%)
showed an adaptability function 13 times more often than did children born fullterm (2%)
and almost double the amount of children born weighing between 750 — 1499 g (14%).
The results of this study showed that children born with less weight seemed to have more
problems with their behavior. A review of literature by Omstein et al. (1991) also
reported that school age children born ELBW and VLBW experienced difficulties. They
reported information from 9 studies of children born ELBW and 16 studies of children
born VLBW. The studies indicated that behavioral difficulties were common among
children born VLBW and ELBW.

Impulsiveness, aggressiveness, and disorganization were symptoms of
disturbances that appeared in children born preterm and below NBW (gestational age up
to 37 weeks 6 days and weighing less than 2500 g). In a study by Ohlweiler et al. (1996),
these symptoms were found more in children born preterm and LBW than in children
born fullterm and NBW (38 - 42 weeks, >2500 g, including disabilities). Thirteen
children born preterm showed impulsiveness compared to no children born fullterm; 12

children born preterm showed aggressiveness compared to 2 children born fullterm; and
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18 children born preterm were disorganized compared to 6 children born fullterm.
Marlow, Roberts, and Cooke (1989) reported that children born VLBW were more
overactive, were more easily frightened (all typical of emotional disorders), were
inattentive, were more distractible, and had behavioral problems than children born
fullterm. The study examined 6-year-old children (n = 53) with birth weights below
1,251 g and compared them to typical classmates matched by age and sex. The results
suggested that teachers felt the children born VLBW were more overactive than the
comparison group and displayed characteristics typical of emotional disorders. In
addition, parents of children born VLBW were more likely to report that their children
had behavioral problems than parents of the children in the control group. Examiners
also felt that the children born VLBW were more inattentive or distractible than the
control group of children.

In a more recent study, Sajaniemi, Salokorpi, and von Wendt (1998) reported that
2-year-old infants born preterm (n = 80, M birthweight = 1205 g) from 1989 to 1991 and
possibly treated using modern medical technology were significantly less active, more
adaptive, more positive in mood, less intense, and lower in threshold response than
infants born fullterm (n = 80). They suggested that the infants born with preterm
temperament profiles found in their study might reflect an underlying constitution
characterized by passivity, low energy, lack of initiative, and a lack of intellectual
curiosity.

Hack et al. (1994) reported that children born preterm had behavioral and social
problems, and Ohlweiler et al. (1996) reported impulsiveness and aggressivencss for

children born preterm. However, Sajaniemi et al. (1998) reported that less active, more
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adaptive, more positive in mood, and less intensive described 2-year-old infants who
were born preterm who may have received new treatments such as antenatal steroids and
surfactants. The current investigation asked questions relative to the ABILITIES Index,
whether there were differences in behavior between children born preterm and fullterm.

Learning Characteristics and School Performance

Several researchers have reported high frequencies of learning disabilities in
children born preterm. In a longitudinal study of children born VLBW from 1965 to
1978, Hunt et al. (1988; 1982) found that a 14% to 17% incidence of learning disability
in children born preterm with IQs > 84 at 8 and 11 years. Additionally, children with
birthweights of 1250 g or less and no major impairments had a higher frequency of
learning disabilities compared with classmates matched by age, sex, and race. Thus,
learning disabilities became more apparent with advanced age (Marlow, Roberts, &
Cooke, 1993).

Children born preterm with ELBW and VLBW have also shown attention deficits
and lower levels of memory retention (N. Breslau, Klein, & Allen, 1988; H. G. Dunn et
al., 1980; Hack & Fanaroff, 1988). Dunn et al. reported that children born preterm who
weighed <2000 g at birth, most of whom had IQ scores in the average range, were
clinically diagnosed with attention deficits. Literature by Hack and Fanaroff, and Breslau
et al. suggested a relationship between a child’s birthweight and attention. Hack and
Fanaroff found that children weighing <750 g had significantly lower outcomes than
children weighing 750 to 1499 g or born fullterm with regard to attention skills, as

noticed by parents or teachers.
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Another area in which children born preterm seemed to have less than desirable
outcomes was that of academic achievement. Hack et al. (1994) studied the academic
skills of children born LBW and NBW. Twenty-seven percent of the children with
birthweights <750 g had significantly lower outcomes, while 9% of the children weighing
750 to 1499 g and 2% of the children born fullterm revealed limited academic skills.

Academic difficulties have been reported in 23% to 48% of children born VLBW
and ELBW (Hunt et al., 1982; Klein et al., 1985; Lefebvre, Bard, Veilleux, & Martel,
1988; Saigal et al., 1991; Steiner, Sanders, Phillips, & Maddock, 1980; Victorian Infant
Collaborative Study Group, 1991). Bennett (1988) suggested (from reviewing literature
for children born LBW and VLBW) that even though most children born preterm and
LBW were not functionally impaired, they appeared to perform and score lower on the
measure of scholastic achievement throughout childhood when compared on a group
basis to children born fullterm or NBW. This finding has been particularly true for
children born VLBW who often should have been considered at a higher risk,
developmentally. Complete “catch-up” may never have occurred in terms of group
differences.

Saigal and colleagues (1991) discovered that 8-year-old children born ELBW (n =
113) and fullterm controls (n = 145), matched for sex, age, and social class, performed
lower on read<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>