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Abstract. [Purpose] This study investigated to look at developmental characteristics of infants at a post-conceptual
age of around 40 weeks and compared them with weight and gestational age. [Subjects and Methods] The subjects
were 51 full-term and preterm infants, classified into three different subgroups according to birth weight groups
(appropriate for gestational age; low birth weight; very low birth weight) and gestational age groups (38 weeks or
older; between 32 and 37 weeks; less than 32 weeks). Infants were measured for movement and posture using the
Test of Infant Motor Performance and the assessment was performed at the postconceptional age of 40 weeks (mean
age: 39.75 weeks). [Results] Head in Midline (O-1) had differences according to birth weight only, and Isolated Rt.
Ankle Movement (O-7) had differences according to gestational age only. Only the three gestational age groups
showed in head control-posterior neck muscles (E-3). Therefore, developmental characteristics were little different
according to birth weight or gestational age. [Conclusion] Regardless of the birth weight or gestational age, there

appeared to be no differences in the development evaluation results.
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INTRODUCTION

The birth rate of low birth weight (LBW) infants in Korea
has been gradually on the rise: 3.1% in 1996, 4.1% in 2004,
and 4.9% in 2008Y. Follow up studies have shown that infants
born very preterm with very low birth weight (VLBW)
are at high risk of cerebral palsy (CP) and other develop-
mental deficits>>). Although not all premature infants and
LBW infants develop disabilities or deficits, they may have
problems, such as tension imbalance or inappropriate joint
motion range and movement, or experience developmental
delays due to immature regulation of alertness and improper
automatic postural response®. In particular, infants who are
premature and also have LBW are regarded as high-risk
infants, and they have a different developmental process
than term infants.> Based on the fact that 13.9 out of 1,000
premature infants and 90.4 out of 1,000 VLBW infants had
CP, Swaiman et al.” examined developmental problems
based on birth weight. Latal® investigated developmental
issues according to gestational age, based on the fact that 10
to 15% of infants born at less than 30 weeks of gestational
age had CP and 30 to 60% had cognitive impairment. The
need for early intervention for those classified as premature
infants according to their gestational age or birth weight
has been presented, and precise diagnosis in order to apply
intervention in a timely manner is required”. From the
perspective that environmental or physiological risk factors

may cause developmental delays or disorders, diagnosis of
normal or abnormal motor development has a very crucial
meaning!?.

Many studies of the diverse developmental problems of
premature infants have reported that their developmental
conditions differ according to their birth weight”®). Howard
et al.! assessed physical growth and motor and cognitive
development of an extremely low birth weight (ELBW)
group whose birth weight was less than 800 g and a control
group of term infants when they were 2 and 5 years old. They
found that the physical growth variables of weight, height,
and head circumference of the ELBW group were smaller
than those of the control group. In addition, the Stanford-
Binet IQ test and Peabody motor quotient results were lower
in the ELBW group than in the control group. Birth weight
is reported to have greater significance than gestational
age when making prognoses of premature infants, because
evaluation of gestational age may be uncertain in obstetric
gynecological terms!?. Therefore, we need to examine
the differences between evaluations of the development of
infants by birth weight and gestational age.

According to Campbell'®, pediatric therapists are
looking for tests to evaluate the quality of movement,
postural control and alignment, balance and coordination,
and functional ability measures to provide information
based on the evolution of infants with a slower movement
development rate. Movement is a way an infant establishes
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control over the world, communicates needs, and explores
the environment. Movement is a basis for early learning, as
well as being important in its own right for developing and
maintaining musculoskeletal integrity'¥. The Test of Infant
Motor Performance (TIMP) was developed by Campbell
and colleagues'¥. It was designed to assess the postures
and movements of prematurely born infants from 32 weeks
gestational age up to about 4 months after term-equivalent
age, or for full-term infants up to 4 months of age, as they
interact with people, objects, and their environment. Items
of the TIMP were taken from neurologic and developmental
tests. It consists of 59 items divided into two sections:
Elicited and Observed. The TIMP’s diagnostic efficiency
values compare favorably with data obtained in other tests
of neurological integrity and can be used to predict motor
outcome of infants at younger ages than other developmental
tests'?. Accordingly, this study investigated the develop-
mental characteristics of infants at a post-conceptual age of
around 40 weeks using TIMP and compared them with birth
weight and gestational age.

METHODS

The subjects of this study were 51 (25 males, 26 females)
full-term and preterm infants hospitalized at the nursery of
Busan S Hospital from March 2010 to January 2011. The
subjects of this study were the 34 subjects of our previous
study®, plus an additional 17 subjects. They were infants
who received conventional nursing treatments in the nursery,
and the assessments were performed at a post-conceptual
age of 40 weeks. The stability of the infants’ vital signs
was confirmed by pediatric specialists. The gestational age
of the full-term infants was 37 weeks or older, and they
were healthy, without any disease at birth. In this study,
the average gestational age of the full-term infant group at
birth was 39.24 weeks. The experimental group consisted
of premature infants whose gestational age was less than
37 weeks, with no congenital or chromosomal anomaly and
less than second-degree intraventricular hemorrhage (IVH)
without any special brain damage. The average age of the
experimental group after fertilization was 40 weeks.

The 51 infants were classified into three groups according
to birth weight. The same infants were also divided into three

Table 1. Characteristics of the Subjects

groups, according to gestational age. The three birth weight
groups were appropriate for gestational age (AGA), low birth
weight (LBW), and very low birth weight (VLBW). The
birth weights of the AGA group, LBW group, and VLBW
group were 2,500 g or heavier, 2,500 to 1,500 g, and less
than 1,500 g, respectively. The three gestational age groups
were 38 weeks or older, between 32 and 37 weeks, and less
than 32 weeks. Table 1 shows delivery type, gestational age,
mother’s age, birth weight, birth height, birth head circum-
ference, Apgar 1, and Apgar 2 of the subjects.

TIMP (ver. 5.0) was used in this study. It is a testing
tool that aims to diagnose infants at risk of delayed motor
development due to sensitivity to motor execution level and
maturity change, to predict future motor execution, and to
measure mediation effects. Forty-two items are measured,
with a maximum possible score of 142 points. The average
measurement time takes 33 minutes (SD+12). For the 13
observed items, 1 is attributed if the motion for each item is
observed, and 0 is attributed if not. For the 29 elicited items,
the examiner induces the motion, and the generated response
is scored from 0 to 6 for each item. At the time of TIMP
development, its reproducibility was 0.89 (p<0.01), and the
inter-examiner reliability was 0.949, with single-examiner
reliability in the range of 0.980-0.996.

For this study, three physiotherapists with over five years
of experience in pediatric physiotherapy and over one year
of experience in early physiotherapy mediation in infant ICU
instructed themselves via CD-ROM following the guidelines
of the TIMP Test User’s Manual (version 5.0). All obser-
vations and executions were made at Brazelton’s!® stages
3 and 4, which are recommended as the most appropriate
awareness states for assessing the actions of infants. One
physiotherapist, with over three years of experience in early
physiotherapy in infant ICU and over 10 years of experience
in pediatric physiotherapy, performed the assessment. The
assessment was videotaped, and all three physiotherapists
were present for the scoring. The inter-examiner reliability
was within the 0.95 range. Ethical approval was given by
the Pusan Marie Hospital Committee of Medical Ethics,
and consent was obtained from the infants’ mothers prior to
inclusion in the study.

Data were analyzed using SPSS v.12.0 for Windows.
Differences were considered to be statistically significant

Group N Sex Delivery type GA MA BWt BHt BHC A/S(1) A/S(5)
M F C-sec NSVD (month) (year) (kg) (cm) (cm)
AGA 19 109 12 7 38410 316443 31403 494+17 339415 77408 87+0.6
BWt LBW 6 115 12 4 344+ 16 313435 21+03 44724 315417 53+16 74+11
VLBW 6 4 12 14 2 209+3.1 304+37 12402 379430 268+19 4828 62+3.1
38 weeksorolder 17 8 9 10 7 386407 31.9+44 31+03 494=17 338+15 7708 87+0.6
youngerthan 37 5y 45 4 350414 3135 21+04 44734 317221 5716 78+11
GA  weeks
youngerthan 32 o 43 3 201420 304+3.6 12403 381433 267+19 43+27 57+3.1

weeks

C-sec, Caesarean section; NSVD, normal spontaneous vaginal delivery; GA, gestational age; MA: mother’s age; BWt, birth weight; BHt, birth
height; BHC, birth head circumference; A/S(1), Apgar score (1min); A/S(5), Apgar score (Smin)



for values of p<0.05. The frequency and mean value of
the subjects’ general characteristics were calculated. For
the TIMP results, cross-analysis was performed on the
relationship between each group and the observed items.
One-way analysis of variance (ANOVA) was conducted on
the relationship between each group and the elicited items
and Scheffe’s test was used as a post hoc test.

RESULTS

This study examined the developmental characteristics of
term infants and premature infants according to with their
birth weights and gestational ages. The results are as follows.

Table 2 shows the scores of the 13 observed motor
performance items (O). There were statistically significant
differences among the three birth weight in head in midline
(O-1), isolated left ankle movement (O-8), and fidgety
movement (O-10) (p<0.05). There were statistically signif-
icant differences among the three gestational age groups
in isolated left/right ankle movement (O-7, 8) and fidgety
movement (O-10) (p<0.05). Therefore, O-8 and O-10 were
items that showed statistically significant differences among
the three groups classified according to both birth weight and
gestational age. Total observed scores were 8.5+£0.9 in the
birth weight group and 8.1+0.7 in the gestational age group,
but they were not statistically significant. Therefore, devel-
opmental characteristics according to the two classification
methods were not greatly different from each other.

The grading results of elicited items (E) are presented
in Table 3. There were statistically significant differences
among the three groups classified according to both birth
weight and gestational age in the following observed items:
head rotation side to side (E-1), head control-supported
sitting (E-2), head control-anterior neck muscles (E-4), head
control-lowered from sitting (E-5), defensive reaction-head
and neck response (E-12), left rolling elicited from the legs
(E-17), left rolling elicited from the arms (E-18), pull to sit
(E-19), lateral straightening of the head and body with arm
support (E-20), lateral hip abduction reaction (E-21), prone
suspension (E-22), and head lift in prone position (E-23)
(Table 2).

Only the three gestational age groups showed statistically
significant differences in head control-posterior neck muscles
(E-3). Total elicited score was significantly different among
the three groups classified according to both gestational age
and birth weight. Therefore, developmental characteristics
were little different in the three groups classified according
to birth weight and gestational age.

DISCUSSION

This study classified term infants, whose post-conceptual
age was about 40 weeks, and premature infants according
to birth weight and gestational age and examined their
developmental characteristics using TIMP. The observed
Scale on TIMP (Ver. 5.0) dichotomously scores behaviors
reflecting infants’ spontaneous attempts to change position
or to orient the body in various ways, to selectively move
individual body segments, and to perform the qualitative
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types of movements mentioned earlier'”.

Inthis study, head in midline, isolated left ankle movement,
and fidgety movement among the observed scales of TIMP
were different among the three groups classified according
to both gestational age and birth weight. Among the devel-
opmental characteristics displayed in the groups classified
according to gestational age and birth weight, only head in
midline (O-1) was significantly different among the three
birth weight groups but there was no significantly different
item among the three gestational age groups. Head in midline
(O-1) is a measure of the ability to independently maintain
the head. Head control, the infant’s ability to independently
control head position in a variety of spatial orientations and
in response to a variety of sensory stimuli, is an important
aspect of postural development in the early months of life
and is frequently impaired in children with cerebral palsy'>.
Isolated right ankle movement (O-9), which is considered
to be an assessment of symmetry between the right and
left side, was significantly different only among the three
gestational age groups. In a study that observed preterm
infants born at about 30 weeks of gestational age, the rate of
symmetric posture in their legs and arms was 68% and 43%,
respectively'®) with observation time standard at 100%.
These results are in close agreement with Lee et al. > , who
reported the full-term infants presented greater symmetry
than preterm infants.

Isolated left ankle movement (O-8) and fidgety
movement (O-10) are items that are hard to perform, and are
performed by infants with high TIMP scores!®. Responses
of individuals with low birth weights or short gestational
ages are weak, showing a difference from individuals with
adequate weight or normal gestational ages. In a study that
observed premature infants born at post-menstrual gesta-
tional age of 30 weeks, their arms largely had a bending
posture, while their legs had close to an extension posture!®),
In the observed scales, O-11, O-12, and O-13 are items that
may be observed during the 7th to 10th weeks after birth!?.
The response level for these items was very weak in all the
subjects of this study, showing no difference.

The second part of the TIMP test is the Elicited Scale.
Performance of these items reflects the infant’s ability to
solve movement “problems” posed to elicit evidence of
developing postural control in a variety of spatial orienta-
tions'®). Items E-1 through E-5 are associated with the head,
and all of the five items were significantly different among
the three gestational age groups. Head control-posterior
neck muscles (E-3) was not different among the three birth
weight groups.

At the age of 39 weeks, all the full-term infants could
sit without support. In contrast, half of the pre-term infants
could not sit without support, and the majority of them could
not rotate the trunk in this position'®). The preterm infants
had more difficulty maintaining a long-lasting position
when prone, and soon expanded the areas of load bearing,
demanding less participation of the head and limbs to
explore the environment??). Vision is known to be related
to cognitive development?), and in this study, head held
in midline without visual stimulation (E-8), and head held
in midline with visual stimulation (E-9) were not different
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Table 3. A comparison of TIMP elicited items

items AGA*? LBWP VLBW¢ 38 weeks or  younger than younger than
(n=19) (n=16) (n=16) older 4 37 weeks © 32 weeks f
(n=17) (n=19) (n=15)
1. Head Rotation Side to Side 1.0£02 09+05 05+0.5 1.0+ 0.0 0.8+0.5 0.5+0.5
**ab>c *rkf>e,d
2. Head Control-Supported Sitting 20+0.6 1.4+0.8 1.0£06 21+03 1.3£0.8 1.0£0.7
wEE b <a ok f o>
3. Head Control-Posterior Neck Muscles 20+0.5 1.7+£0.8 1.5+0.8 21+03 1.6 +0.8 1.5+0.8
*f,e>d
4. Head Control-Anterior Neck Muscles 1.9+0.7 08+0.6 0.6+0.5 21+03 0.7+0.6 0.5+0.5
*kk o b < g Rk f o>
5. Head Control-Lowered from Sitting 1.8+ 0.6 09+0.7 04+07 2.0+0.0 07+0.8 0.5+£0.5
ok o b < g Rk f o>
6. Rt. Inhibition of Neonatal Neck Righting 09+0.5 09+0.5 1.1£09 09+0.5 09+0.6 1.1£0.8
7. Lt. Inhibition of Neonatal Neck Righting 0.8+0.5 09+04 10+08 09+0.5 0.9+0.6 1.0+0.8
8. Head in Midline without Visual Stimula- 1.8 +£0.7 1.5+12 23+1.0 21+02 1.5+1.1 22+12
tion
9. Head Held in Midline with Visual Stimu- 0.7 + 0.5 1.0£06 05+06 07+0.5 1.0+£0.6 0.7+0.2
lation
10. Rt. Supine Neck Rotation 0.68 £0.48 0.69+0.48 0.50+0.63 0.71 +0.47 0.63+£0.50 0.53+0.64
11. Lt. Supine Neck Rotation 0.7+0.5 08+06 05+06 07+0.5 0.7+0.6 0.5+0.6
12. Defensive Reaction-Head and Neck 27+0.8 29+03 20+12 28+04 27+0.8 20+1.2
Response **c<a, b *f,e>d
13. Defensive Reaction-Arm Movement 1.0+0.2 1.2+0.5 1.1+0.8 1.0+ 0.0 1.2+£0.6 09+0.7
14. Hip and Knee Flexion 20+04 1.8+0.8 1.6£0.9 21+£02 1.8+0.7 1.5+0.9
Hkf o> d
15. Rt. Rolling: Elicited from the Legs 24+£09 24+10 23+£08 25+07 23+1.1 22+08
16. Lt. Rolling: Elicited from the Legs 27+09 27+£07 23+£08 28+0.8 27+0.8 21+07
ok f o>d
17. Rt. Rolling: Elicited from the Arms 25+06 25409 19409 27+05 24+09 1.8+£0.9
* *fe>d
18. Lt. Rolling: Elicited from the Arms 27406 27+08 21+07 2.8+04 2.6+0.8 21+07
* *fe>d
19. Pull to Sit 23+1.0 1.7£0.5 1.1£0.8 26+0.5 1.6£0.7 1.0+0.8
***C,b<a ***f>e>d
20. Lateral Straightening of the Head and 0.7+0.5 0.1+0.3 0.0£0.0 0.8+0.4 0.1+0.3 0.0£0.0
Body with Arm Support *Hk o h<a k£ o>
21. Lateral Hip Abduction Reaction 0.6£0.5 03+£0.5 0.0+0.0 0.7+0.5 02+04 0.0£0.0
L N w5 f o> (
22. Prone Suspension 1.8+£0.5 1.5+£0.5 1.1+0.5 2.0+0.0 1.4+0.6 1.1+0.6
***c,b<a ***f’e>d
23. Head Lift in Prone 1.8+0.5 1.4+0.6 1.2+0.7 2.0+0.0 1.4+07 1.1+0.6
**c b<a w3k f > d
24. Crawling 1.3+0.6 1.2+£0.8 1.1+09 14+0.5 1.2+0.8 1.0+£0.9
25. Rt. Head Turn in Prone to Sound 1.1+£0.3 09+0.3 1.1+0.5 1.1+0.2 1.0+0.3 1.1+0.5
26. Lt. Head Turn in Prone to Sound 1.2+04 1.1+£04 1.1+0.5 1.1+£0.3 1.1+0.5 1.1+0.4
27. Standing 1.5+0.6 1.6 0.5 1.3£0.7 1.6 £0.5 1.4+0.8 1.4+0.5
28. Rt. Lateral Head Righting 1.8+0.6 1.6 £0.5 1.4+0.6 1.9+£0.5 1.5+£0.6 1.5+£0.6
29. Lt. Lateral Head Righting 1.7+0.5 1.6 +£0.5 1.4+£0.6 1.8+04 1.5+£0.5 1.5£0.6
Total elicited Score 46.0+9.5 40.6+6.8 346+10.5 48.8+3.0 38.8+09.1 33.9+10.8
**c,b<a *Ef e>d

*: p<0.05, **: p<0.01, **%: p<0.001.



540 J. Phys. Ther. Sci. Vol. 24, No. 6, 2012

among the three groups classified according to both gesta-
tional age and birth weight. Head control is an important
aspect of postural development in the early months of life®).

Right/left rolling elicited from the arms (E-17/18), pull
to sit (E-19), and right/left head turn in prone position to
sound (E-25/26) are difficult items to assess, and they may
evaluate lateral righting of the head and trunk'®). Diagonal
and rotational components of movement require advanced
levels of skill relative to sagittal-plane movements of flexion
and extension!®). In this study, E-18 and E-19 were different
among the three groups classified according to both gesta-
tional age and birth weight, while E-25 and E-26 were not.
E-25 and E-26 are measures of response to auditory stimuli,
and they are difficult items to assess therefore, the perfor-
mance of term infants and normal weight infants appears to
be weak.

This study classified premature infants and term infants
according to gestational age and birth weight and compared
their degrees of development. Regardless of birth weight or
gestational age, there appeared to be no differences in the
development evaluation results. However, we consider it
necessary to examine which classifications, gestational age
or birth weight, may lead to more accurate prognoses by
looking at long-term developmental degrees of infants.
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