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Abstract

Project Code TRG4580032

Project Title  Validity of a Postural Assessment for Discriminating among Preterm
Infants with Varying Risk for Impaired Motor Development

Investigators  Assistant Professor Raweewan Lekskulchai, Ph.D, Mahidol University
Professor Suzann K Campbell, PhD, University of lllinois at Chicago
Associate Professor Chanat Akamanon, Mahidol University

E-mail Address plekskulcha@hotmail.com

Project Period 1 July 2002 to 30 June 2004

This study aims to investigate effect of neonatal risk factors on postural
development at term equivalent age and to examine predictive validity of the postural
assessment at term to motor development at 4 months corrected age in preterm born
infants. A total of 138 preterm infants stratified into three risk groups, i.e. “not at-risk”,
“suspect” and “at-risk” groups, participated in this study. Number of risk factors was
recorded using information from infant’'s medical record and a parent interview. At term,
infant’'s posture was scored quantitatively on a postural assessment form. At four
months corrected age, the infants were scheduled to have a motor performance
assessment by a Physical Therapy research assistant blind to infants’ medical history.
Results revealed that infants experienced different levels of risk factors during their early
life manifested with different quality of postural development at term. Additionally, the
postural assessment at term showed high level of predictive validity with sensitivity,
specificity, positive predictive validity and negative predictive validity of 0.93, 0.88, 0.89,
0.92, respectively. Thus it can be concluded that the postural assessment is of value in
identifying levels of neonatal risk factors and having predictive value in discriminating
among preterm infants with varying risk for impaired motor development at four months
corrected age. This study, therefore, supported the short-term value of postural
assessment to predict four-month motor performance of preterm infants. Further study

of the long-term predictive value of the postural assessment is suggested to investigate.

Keywords Assessment, Development, Infant, Posture
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Postural Assessment of Infants Born Preterm with Varying Risks for Impaired Development

Lekskulchai R, Campbell, SK and Akamanon, C

ABSTRACT

Background and Purpose. Preterm infants encounter the outside womb environment

with different posture when compared with their full-term counterparts. However, degree

of differences varies greatly depending on many factors such as conditions occurring

during early life. This study aims to evaluate effect of risk factors on posture at term

equivalent age. Subjects. A total of 138 preterm infants stratified into three risk groups,

participated in this study. Methods. Number of risk factors was recorded for each infant.

At term, their posture was scored on a postural assessment form. Results. One-way

ANOVA revealed significantly different posture among the three risk groups. Discussion

and Conclusion. Results showed that infants experienced different levels of risk factors

during their early life manifested with different quality of postural development at term.

Since this study focuses on concurrent effect of risk factors on posture, longer-term

consequences of these two variables on motor development of preterm infants are

further points of interest.

Keywords: Assessment, Infant, Posture, Risk

Infants born prior to 37 completed weeks of gestation are considered to be preterm and

those below 33 weeks are very preterm. Previously, birth weight was used to define
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prematurity i.e. infants born weighing less than 2500 grams were considered to be low
birth weight (LBW), those weighing less than 1500 grams to be very low birth weight
(VLBW) and those weighing less than 1000 grams to be extremely low birth weight
(ELBW). However, weight does not always reflect the degree of prematurity, for
example, infants born to mothers with diabetic may be heavier at 32 weeks than infants
who have experienced poor intrauterine growth but born at 38 weeks " Therefore, at
present, a complete definition associated with preterm development includes both birth
weight and gestational age of the infant ** Since infants with a variety of birth weight
and gestational age could comprise a preterm infant population, great variation in
degrees of prematurity of bodily systems could be found in this population. This is a
reason why the preterm infant population is considered a heterogeneous population in

4,5
terms of later developmental outcomes .

Many events occurring during pre-, peri- and post-natal natal periods of preterm infants
have been documented as risk factors affecting their development later in life b
Maternal health status such as age, hypertension, preterm rupture of membranes as well
as habit during pregnancy such as stress, smoking, drug and alcohol usage, have been
studied as factors affecting infants’ development "o Neurological, respiratory,
metabolic and cardiovascular conditions of infants have also been listed as risk factors "

" Additionally, research suggested that events occurring after hospitalization such as

environmental factors have potential risks for later development of preterm infants !
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Factors such as parent's education, marital status, living place, family salary and
number of people in family were included as risk factors for this population *?  Since
there are many potential risk factors cited in the literature, selection of significant factors

for a research purpose is dependent on the study’s aim and criteria.

Physical Therapists working with preterm born infants must be able to answer and
console the infants’ parents on how much risk for later problems the infants might face in
the future. Concern on later developmental outcomes of the infants often shows in terms
of worry and questions to Physical Therapists. When answering the parents and other
medical personnel, it is needed to reference to any obvious outcomes that could be
proved to relate with infants’ previous risks. The outcomes can be any accurate signs
but it needs to be easy enough to point out to them, for instance posture and motor
development. To quantify risks with reference to subsequent outcomes, infants are often
grouped into either “at-risk” or “no risk”. Concerning the answer to parents, if the
answers are only “at risk” or “no risk”, it would be difficult to accept that the infants are at
risk and it also very risky to say that the infants have no risk for later problems at all.
Therefore, 3 levels of risk factors i.e. “not at-risk”, “suspect” and “at-risk” are more

appropriate to reduce these concerns.

Even though, it is still controversial that how early is a developmental outcome prediction
should be correctly performed, a trend to study in very young infants is worthwhile.

During early life, a prerequisite for motor mastery is an appropriate postural
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development ", Appropriate and inappropriate postures for learning of motor skill "or
handling " have been defined as guides for dealing with very young infants. In preterm
infant population, research indicated that postural abnormalities such as hyperextension
of neck and trunk could interfere with development of arm and hand function 1 13, social
interaction and communication * and cognitive development . Additionally, evidences
supported predictive value of postural abnormalities to later learning disorders,

. . . . 16-
coordination and balance problems in school age and adolescence preterm children

20 Although, neural mechanism underlying postural abnormalities has not yet been
elucidated, it has been suggested that disturbances in muscle tone regulation, mainly
affecting axial muscles, are responsible for abnormal posture in preterm infants 12

Therefore, to study subsequent effect of risk factors in very young infants, postures of

neck and extremities seem to be appropriate outcome measures.

Posture can be assessed either qualitatively or quantitatively. Posture assessed
qualitatively is easy to record and very less time consuming. However, qualitative
record of posture has a limitation in comparing changes over time and in consistency
and repeatability of assessments across assessors and across time. Posture measured
quantitatively has a strong point in its ability to report changes across time so that
monitoring changes due to intervention across different treatment groups is possible. In
clinic, however, how much changes the infants have developed may not clearly

understand by parents and other medical personnel. Beside they only want to know
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whether the infants are at-risk for later developmental problems or not. Therefore,
assessment that combines the advantages of qualitative and quantitative measures i.e.
easy-to-record but having quantitative information to communicate meaningfully with
parents and other medical personnel would be of great value. According to the
previous studies, postures of specific parts of body measured in the early life can be
considered as “good” indicators for further motor development of preterm born infants.
For instance, scarf sign, neck posture, shoulder, pelvic, hip and leg postures have been
found as appropriate variables in identifying preterm infants who would further develop
impaired motor development &2z However, studies have been conducted and
reported the results for each variable separately. Significance of these postures may be
emphasized if significant postures could be gathered in a ready-to-use assessment
form. Furthermore, if the assessment form could have a rating scale in which the score
can indicate subsequent status of the infants’ motor performance or disability, the

assessment form would be of great value in both clinic and research purposes.

Therefore, this study aims to present a newly developed postural assessment form for
preterm infants at term equivalent age, namely PA-term Form, using longitudinal data on
postural development of preterm infants from the literature and to study value of the PA-
term Form in terms of discriminating preterm infants who experienced three levels of risk

factors i.e. “Not at-risk”, “Suspect” and “At-risk”
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METHODS

Number of risk factors

Sixty-two risk factors affecting subsequent development of preterm infants as indicated
in the literature " > ** were selected for the present study. Information from medical
record and a parent interview are required to identify the number of risk factors. The 62
risk factors are classified into 3 groups i.e. 26 maternal factors, 24 infant factors and 12
environmental factors. The numbers of risk factors are ranged into 3 categories to
classify infants into 3 risk categories i.e “Not at-risk”, “Suspect” and “At risk” groups.
Infants with the numbers of risk factors of less than 20 were grouped as “Not at-risk”
infants, those with the numbers of risk factors falling between 20 and 40 were classified
as “Suspect” and those with the numbers of risk factors greater than 40 were identified

as “At-risk” infants.

Intra- and inter-rater reliability of identifying the numbers of risk factors in 20 preterm
infants were estimated and found that the intra-rater reliability of the first author and
inter-rater reliability between the first author and a physical therapy research assistant
were ICC (3,1) = 0.945, ICC (2,1) = 0.926, p<.001, respectively.

Postural Assessment Form

A postural assessment form for preterm infants at term equivalent age (PA-term Form)
was developed and modified from longitudinal data on postural development of preterm

9, 23-29

infants . The PA-term form is formatted on one sheet paper, with picture for each

score on each item. There are 14 items on this form, of which 7 items assess posture of
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neck and upper extremities and 7 items assess posture of lower extremities. Each item
scores on a 3-point scale i.e. 0-2. The higher score means a more appropriate posture

for preterm infant at term equivalent age. The highest score possible is 28.

Intra- and inter-rater reliability of the PA-term Form in 20 preterm infants were estimated
and found that the intra-rater reliability of the first author and inter-rater reliability
between the first author and a physical therapy research assistant were ICC (3,1) =
0.937, ICC (2,1) = 0.915, p<.001, respectively.

Subjects

Sample size was estimated according to the equation described by Cohen (1988) .
From the estimation, 44.76 infants were required for each risk group to meet the power
of 0.9. Therefore, a total of 135 infants (45 infants x 3 groups) were intended to recruit
for this study. The method of assigning infants to one of the risk groups was dependent
on the infant’ number of risk factors. Infants with the numbers of risk factors less than 20
were grouped as “Not at-risk” infants, those with the numbers of risk factors falling
between 20 and 40 were classified as “Suspect” and those with the numbers of risk

factors greater than 40 were identified as “At-risk” infants.

Parents of infants born prior to 37 weeks of gestation without genetic and physical
abnormalities were contacted. Study protocol was explained to the parents and if the
parents agreed to allow their infants to participate in this study, one or both parents were

asked to sign the inform consent. Then the number of risk factors of the infant was
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obtained from the infant’s medical record and a parent interview. This number was used
to identify the infant to a risk group. However, the number of risk factors of 25 infants
could not be obtained at the first visit because some information was not available at this
time i.e. Length of hospital stay, successful breast-feeding and pacifier needed during
hospitalization. Subject recruitment had to be continued even though the 135" infant
was enrolled because the 25 infants might be classified in any risk groups. As a result,
there were 45, 48 and 45 infants included in the “not at-risk”, “suspect” and “at-risk”
groups, respectively. Although there were 3 extra infants in the “suspect” group, all 48
infants in the group were used for analysis. Thus the total subjects included in this study
were 68 boys and 70 girls with the average gestational age of 32.14 weeks (SD= 2.23,
range 27-36). Descriptive data of the subjects classified by risk groups are shown in

Table 1.

Table1: Descriptive data of the infants classified by risk groups

Number of  Gestational Age (weeks) Birth Weight (grams)

Group Boy Girl Mean SD Min Max Mean SD Min Max

Not at-risk 20 25 32.73 203 28 36 1748.00 303.40 1160 2480

Suspect 25 23 3227 202 28 36 1632.67 326.09 1120 2450

At-risk 23 22 31.64 241 27 35 1500.44 328.49 850 2410
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Study Protocol

After obtaining the written consent from parents, the first author reviewed the infant’'s
medical record and conducted a short parent interview. Information was recorded in a
risk score sheet. A physical therapist research assistant was responsible in counting all
infants’ number of risk factors in order to stratify the infants into “not at-risk”, “suspect” or
“at-risk” group and to monitor the number of infants in each risk group to indicate the
time that subject recruitment could be terminated. Then the infants were scheduled to
see the first author again when they reached term equivalent age. At this second visit,

infants’ posture was measured and scored on the PA-term Form.

Data Analysis

Item scores of PA-term form were summed to obtain the “Total postural score”. Since
total postural scores are derived from the summations of item categorical scores,
analyses of these data using linear statistic are inappropriate . However, the
summation of item scores is very convenient for use in clinic. Therefore, data on the
total scores were presented in this study and analyzed using non-parametric statistic.
To eliminate limitation on using categorical scale data, computer software based upon
Rasch analysis " was employed to convert all categorical scores into continuous, linear
measures. The software program selected to utilize in this study was WINSTEPS Rasch
Measurement version 3.36 . The item scores of PA-term form were entered the

program to obtain the “Postural Measure”. Additionally, the item scores of the two
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subscales of the PA-term form i.e. the Neck and Upper extremity posture and Lower

extremity posture were converted to linear measures to obtain Neck and UE Measure

and LE Measure, respectively.

RESULTS

The PA-term form was developed and modified based on previous research studies,

Each item comprised the form has its own value, however, when including many items in

one form, internal consistency is required to be evaluated. Pearson product moment

correlation was utilized to evaluate this issue. Results revealed that the coefficient

between the “Neck and UE Measure” and the LE Measure was 0.926, (p< .001), which

can be ensured the internal consistency of the PA-term Form.

To examine whether number of risk factors that infants have experienced during the

neonatal period would associate with their posture at term equivalent age, Pearson

product-moment correlation was employed. Results showed that number of risk factors

had negative significant correlations with Neck and UE Measure, LE Measure and

Postural Measure (Table 2).
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Table 2: Pearson product moment correlation coefficients between numbers of risk

factors and Neck and Upper extremity Measure, Lower extremity Measure and

Postural Measure

Neck and Upper Lower extremity Postural Measure

extremity Measure Measure

Number of risk factors -.951* -.959* -.976*

*p < .0001

To assess whether infants in different risk categories obtain different Postural Measure, a
One-Way ANOVA was employed. Result revealed a significant difference among the
Postural Measure of infants in the three risk groups F, ., = 440.20, (p<.001). Scheffe
multiple comparisons showed that Postural Measure of all pairs differed significantly
from each other (Table 3). Mean differences revealed that infants in “Not at-risk” had
higher Postural Measure than infants in “Suspect” and “At-risk” groups, and infants in

the “Suspect” had higher Postural Measure than infants in the “At-risk” group (Table 3).
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Table 3: Scheffe Multiple Comparisons for Postural Measure with risk groups as

independent variable

M e a nStandard 95% Confidence
(I) GROUP (J) GROUP Difference (I-Error [0 Interval
J) Lower  Upper

Bound Bound

Not at-risk Suspect 35.44 2.27 <.001 29.82 41.06
Not at-risk At-risk 68.42 2.30 <.001 62.71 7413
Suspect At-risk 32.98 2.26 <.001 27.36  38.60

In clinic, it is not convenient for users to convert the total postural score into a

continuous, linear measure. The total postural score is easier to calculate in order to

communicate with the infant’'s parent or other medical personnel. To ease with this

purpose, ranges of postural score were identified based on the total number of scores in

the PA-term Form. Infants with the total postural scores of greater than 19 are classified

as “Optimal” group, and those with the score between 10-19 and of less than 10 are

identified as “Suspect” and “Abnormal” groups, respectively.

To examine whether the postural score ranges identified here correctly explains

previous risk events that the infants had experienced, comparison between

classifications of the infants based on risk factors and PA-term form was performed.

Results showed that there were 11 infants (7.97 %) that the two forms disagreed (Table

28




4). Percent agreements between the infant’s classifications based on risk factors and

PA-term Form are summarized in Table 4.

Table 4: Percent agreements between number of risk factors and Posture score within

three risk categories

Number of risk | Postural Score Percent
factors Optimal Suspect Abnormal agreement

Not at-risk 45 - - 100

Suspect 8 40 - 83

At risk - 3 42 93
DISCUSSION

When developing assessment forms that comprised many items, concern is emphasized
on how well all items are inter-correlated. If all items assess the same construct,
summing of the items scores could represent performance or quality of the measuring
construct *°. The PA-term form has been proved of its internal consistency, since the
results revealed that posture of neck and upper extremity correlated well with posture of
lower extremity. This is not surprising since structure of the whole body is inter-linked,
poor development of upper extremity would lead to less appropriate development of
lower extremity. Infants with asymmetrical development of posture still received
accordant scores on both the Neck and UE measure and LE measure. Therefore, it can

be assured that the PA-term form could represent level of age-appropriate posture of
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preterm infants. This can be considered as the first step to develop the easy-to record
PA-term form for use in clinic by physical therapists who are new to work with preterm

infants.

As stated in the literature, preterm infants are susceptible to multisystem disorders and
illness, which may affect their chances of subsequent development and survival "
Results from the present study indicated that not all preterm infants would develop
postural problems at term equivalent age. Since preterm infants encountered different
levels of risk factors would develop varying degrees of age appropriate postural
development at term. Infants with greater number of risks during neonatal period
developed less appropriate posture of neck, upper and lower extremities at term
equivalent age when compared with those with fewer risk factors. When infants were
categorized into 3 risk groups, results were consistent with the correlation outcomes, i.e.
infants classified in “at-risk” group received least postural measures at term. Postural

measures of “not at-risk” group were highest among the 3 risk groups.

To ease with clinical use of the PA-term form, ranges of postural scores were defined in
order to compare the classifications with risk groups. It was found that the PA-term form
could completely identified infants who had experienced high risk factors during
neonatal period. There were 8 infants whose postural scores falling within “optimal”
range but had experienced “suspect” level of risk factors. Likewise, 3 “at-risk” infants

were misclassified as “suspect” for inappropriate postural development at term.

30



According to these results, the “suspect” level of risk and posture was the main level of
misclassification. Infants in the “suspect” group may be during transient period, as the
age increased, they may move to either “normal” or “abnormal” level * Therefore, it is
not surprised that the “suspect” level is easy to misclassify. However, the advantage of
having “suspect” level is to eliminate the possibility of over-identified infants who may
not actually need intervention and not identified those who actually need intervention.
Parents of infants in the “suspect” level would feel less worry and could make their own
decision in allowing their infants to receive intervention or not. This is the reason why the

researchers still decide to use the 3 levels of classification.

According to previous research reports, risk factors during early life could contribute to
later developmental problems "% and postural abnormalities contribute to subsequent

9, 22-24
developmental problems )

The present study examined linkage between risk
factors and posture, therefore, it may be hypothesized that both risk factors and posture
might affect infants’ subsequent development. However, to conclude the hypothesis
with more confidence, longitudinal follow-up of the subjects to monitor their later
performance is aimed to conduct. Additionally, research conducted using the PA-term
Form in other population is worth interest since body position that preterm infants have
experienced could affect alignment and shaping of musculoskeletal system * Infants

nursed in different positions may receive different postural measures at term equivalent

age. Therefore further studies on these issues are suggested.
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CONCLUSION

The PA-term form has been developed for use by physical therapists who are new to

work with preterm born infants as the guideline to evaluate and communicate the

findings with parents and other medical personnel. In research field, the summation of

item scores may not give linear measure of the performance. However, in clinic, the

total score derived from summing items scores is less-time consuming and convenient.

Therefore, posture presented in this study was analyzed in both the total scores and

linear measures. Results revealed accordant outcomes of postural scores and

measures. Infants with greater number of risk factors obtained less postural scores as

well as less postural measures. Therefore, this study would be the first step to present

the PA-term form that has been proved of internal consistency and the scores can be

interpreted in terms of total scores and linear measures depending on the purpose of

users. Further research is ongoing in following up the infants to evaluate longer-term

effect of the risk factors and to evaluate correlation of posture detected at term and later

development of the infants.
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