Georgia State University

ScholarWorks @ Georgia State University

Physical Therapy Faculty Publications Department of Physical Therapy

2002

A Comparison of the Leg Coordination Patterns of Preterm and
Fullterm Infants: A Meta-Analysis

Yuping Chen
Georgia State University, ypchen@gsu.edu

Linda Fetters
University of Southern California, fetters@usc.edu

Follow this and additional works at: https://scholarworks.gsu.edu/pt_facpub

6‘ Part of the Physical Therapy Commons

Recommended Citation
Chen, Y., Fetters, L. (2002). A comparison of the leg coordination patterns of preterm and fullterm infants:
A meta-analysis. Formosan Journal of Physical Therapy, 27(6), 303-313.

This Article is brought to you for free and open access by the Department of Physical Therapy at ScholarWorks @
Georgia State University. It has been accepted for inclusion in Physical Therapy Faculty Publications by an
authorized administrator of ScholarWorks @ Georgia State University. For more information, please contact
scholarworks@gsu.edu.


https://scholarworks.gsu.edu/
https://scholarworks.gsu.edu/pt_facpub
https://scholarworks.gsu.edu/pt
https://scholarworks.gsu.edu/pt_facpub?utm_source=scholarworks.gsu.edu%2Fpt_facpub%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/754?utm_source=scholarworks.gsu.edu%2Fpt_facpub%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@gsu.edu

FJIPT 2002; 27(6):303-313

A Comparison of the Leg Coordination Patterns of

Preterm and Fullterm Infants: A Meta-Analysis

Yu-ping Chen Linda Fetters®

Background and Purposes: The purposes of this meta-analysis were (1) to investigate the
relation between prematurity and the parameters of infant kicking, and (2) to examine to
what degree the effect size varies as a function of age, study type, publication type, and
country of origin. Methods: Six studies met all the inclusion criteria and were used for this
meta-analysis. A r-indicator was used to represent the effect size indicating the difference
between low-risk preterm and full term infants and the difference in kinematic variables
between high-risk preterm and full term infants. A fixed-effect model was assumed in this
study. To determine whether the r-indicators were derived from a common population, a
heterogeneity analysis (Q) was computed for each kinematic variable. Potential moderators
(study type, publication type, country of origin, and age) were analyzed for each variable.
Results: Overall, there was a consistent moderate to large effect size for intralimb
coordination variables between high-risk preterm and full term infants. For other kicking
parameters, there was a small effect size between preterm infants (both low-risk and high-
risk groups) and full term infants. From the moderator analyses, studies testing high-risk
infants younger than 4 months had a small positive effect for the measures of intralimb
coordination, the hip-knee and hip-ankle joint correlations; whereas studies testing infants
older than 4 months had a large positive effect on these hip-knee and hip-ankle pairs. On the
contrary, studies testing low-risk infants younger than 4 months had a medium positive
effect; whereas studies testing low-risk infants older than 4 months showed no effect.
Conclusion: The results suggest that intralimb coordination parameters after 4 months of
age may be early indicators of atypical coordination since low-risk infants resolved their
differences after 4 months of age but high-risk infants sustained the atypical intralimb
coordination. (FIPT 2002;27(6):303-313)
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Modern advanced peri- and post-natal medical tech-
niques have successfully decreased the mortality in preterm
infants.!? This has led to a corresponding increase in the
number of infants with developmental delay and disability.

12 Approximately 5-15% of infants born prematurely with a

birth weight less than 1500 grams develop cerebral palsy,
and 25-50% of them were reported to be clumsy later at
school age.!” Consequently, it is critical to identify these
infants at risk at an early age, so that intervention may begin

at the outset of neuromotor problems.
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Kicking is one of the earliest coordinated behaviors in
infancy. Kicking patterns have been analyzed both quantita-
tively and qualitatively in attempts to predict neuromotor
sequelae following preterm birth.*® Kicking patterns change
with age in healthy full term infants; whereas preterm
infants with brain lesions tend to retain their kicking pat-
terns without any further development.?® It is reasonable to
question if infants at-risk for developing motor problems
will have different kicking coordination patterns, when
compared to healthy infants.

There is limited knowledge available concerning the
comparison of the characteristics of coordination patterns
between preterm and full term infants. The sample size of
these studies, however, were small (less than 30 infants in
most of the studies), their subjects varied in age (ranged
from full term to 11 months of age) at the time of testing and
results were inconsistent among different studies. A meta-
analysis would be able to address these problems and allows
a quantitative analysis across studies regardless of differ-
ences in method. Results from different kicking studies in
the literature could be combined and compared to derive a
general conclusion of the relationship between prematurity
and kicking coordination to overcome the differences in age
at the time of testing and the low power due to small sample
size. Moreover, the heterogeneity of tests and moderator
analyses of the effect size from the procedure could help to
identify the possible influencing factors and offer a better
theoretical and practical framework for the direction of
future research.

The purpose of this meta-analysis was to assess the
relation between preterm birth and the development of
coordinated kicking. The research questions addressed
included: (1)What was the magnitude of the relation be-
tween prematurity and the parameters of infant kicking? (2)
To what degree did the effect size vary as a function of
infant age, study type, publication type, and country of

origin?

Chen et al.

METHOD

Potentially relevant studies were identified through a
computer-assisted search of the PsycInfo, and Medline da-
tabase between 1975 and 2000. The key words used in the
search were "leg movements", "kicking", "infants",
"kinematics", "spatiotemporal variables", "full term", "pre-
mature infants", and "preterm". The authors' names from
potentially relevant studies were also entered as key words
to obtain additional titles. The citation listed in the re-
trieved articles (citation tracking) was also obtained. In
addition, conference proceedings and unpublished theses
and dissertations were identified through a computer-as-
sisted search of "dissertation index". The languages used
were limited to English and Chinese. The entire search
yielded 34 non-overlapping studies.”™°

The inclusion criteria were: (1)Outcome measures were
obtained during spontaneous kicking (no external stimuli
offered during infant testing). (2)Full term infants and
preterm infants were compared. (3)Spatiotemporal mea-
sures of leg movements (e.g. kick rate, duration, and
amplitude) and/or interlimb and intralimb coordination vari-
ables (measured by Pearson correlation coefficients or cross-
correlation functions) were included as dependent variables.
(4)Statistical results were reported in sufficient detail to
compute or estimate effect sizes.

Twenty-five of the 34 studies did not meet the criteria
for inclusion in the meta-analysis and were eliminated from
the review.”*! Three more studies were excluded, which met
the first three criteria but did not offer sufficient informa-
tion to calculate effect sizes.’>> One of these three reported
median and inter-quarter ranges® but did not report means
and standard deviations.?? The remaining two studies re-
ported the maximal values of the spatiotemporal variables
but not means and standard deviations.**3* The six studies

that met the criteria are listed in Table 1.

Coding procedures
A meta-analysis code book was used to code the ex-

tracted demographic, methodological, and miscellaneous

s The non-parametric estimator of effect size can be computed only when all of the original raw data are available.*!
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variables from each study included in this meta-analysis.
The demographic variables included age, ethnicity, and
gender. Sample size, sampling method, research design,
statistics, type of kinematic variables, type of stimuli, states
of the infants, sampling rate during data collection, and
collection time were coded as methodological characteristics.
Year and type of publication (journal, book chapter,
dissertation, proceeding), name of the authors, country, and
affiliation of the authors were included in the miscellaneous
variables. There was no quality score in this meta-analysis
since most of the studies were descriptive. All the coding

task was done by the first author.

Data analysis

We used the r indicator to represent the effect size
indicating the difference between the preterm and full term
infants for each kinematic variable. The computation of
effect size estimates was based on the handbook of Cooper
and Hedges.* The r indicator is used to describe the strength
of association between the independent variable (i.e.
prematurity) and the dependent variable (i.e. kinematic
parameters). After computing the individual effect sizes for
each study, all the effect sizes with the same kinematic
parameter were combined to form a common estimate. Based
on Cohen's definitions of small, medium, and large effect
sizes, the r of 0.10 was considered small, the r of 0.30 was
considered medium, and the r of 0.50 was considered large.
# In this study, effect sizes were computed from the t and F
(degree of freedom = 1) ratios. If the study reported means,
standard deviations, and sample sizes of both preterm and
full term groups, a t-value was computed and then converted
to the r indicator.*> A positive r-indicator meant that the full
term group had a more mature pattern than the preterm
group; whereas a negative r-indicator meant that the preterm
group had a more mature pattern than the full term group.
Thelen and Smith's definition of a mature kicking pattern
was followed in the present study.

Separate r-indicators were calculated for full term ver-

sus preterm infants who were at low risk for neuro develop-
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mental disabilities (low-risk preterm infants) and for full
term versus preterm infants who were at high risk for
neurodevelopmental disabilities (high-risk preterm infants).
Low-risk preterm infants were defined as preterm infants
who were born at a gestational age between 32 to 36 weeks,
appropriate for gestational age (AGA)®, no severe respira-
tory distress, and/or no existing Grade III and IV intraven-
tricular hemorrhage after birth.* High-risk infants included
infants born before 32 weeks' gestational age, small for
gestational age (SGA)¢, and Grade III or IV intraventricular
hemorrhage after birth or with some existing developmental
delays.

The r-indicator was calculated for all hypotheses and
combined both unweighted and weighted by sample size. A
fixed effect model was assumed in this study. To determine
whether the r-indicators shared a common effect size (i.e.
consistent across all hypotheses), a heterogeneity analysis
(Q) was computed for all outcome variables.*? Should the
heterogeneity analysis be significant, it would suggest that
not all of the effect size estimates are drawn from the same
population and therefore a moderator analysis is warranted
(see reference 42 for detailed introduction in heterogeneity
and moderator analyses).*> Based on previous research and
the availability of data, potential moderators (study type,
publication type?, country of origin, and age) were sub-
jected to further analysis. A contrast analysis was used to
evaluate the impact of these moderators on outcome

variables.

RESULTS

Characteristics of the selected studies

A total of 92 preterm and 79 full term infants were
studied in these six reports. Five of the six studies included
infants with both low and high-risk preterm infants (Table
L1.). The corrected age at testing varied from term to 47.2
weeks of age. Forty-two percent of the preterm infants and

59 % of the full term infants were female. Three studies used

® AGA is a term used to describe a baby whose birthweight was within the normal range for the babies of the same gestational age.
¢ SGA is a term used to describe a baby whose birthweight was below the 10th percentile for babies of the same gestational age.
¢ Whether a study was published or unpublished was determined at the time of the literature search.
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cross-sectional designs and three were longitudinal. Three
studies were published in journals and three were not. All
the unpublished reports were theses or dissertations. One of
the 3 unpublished reports used a longitudinal design (Table
1. for details).

The r-indicators computed for 88 hypotheses for the
effect sizes between low-risk preterm and full term and 58
hypotheses for the effect sizes between high-risk preterm

and full term are shown in Table 2. and 3.

Overall effects and influences of moderators

Temporal variables

The mean r-indicator between low-risk preterm and
full term infants for total kick duration, flexion phase,
intrakick pause, extension phase and interkick pause was
small (Table 2.). Tests of heterogeneity Q for the temporal
variables showed significance in total kick duration and
interkick pause (Table 2.). Based on the moderator analyses,
none of the proposed moderators (i.e. study type, publica-
tion type, countries of origin, and age) significantly af-

fected total kick duration; however, study type and country

Chen et al.

of origin were significant moderators for interkick pause.
Studies with longitudinal designs had a small positive effect
on interkick pause (r=.12); whereas studies with cross-
sectional designs had a large negative effect on interkick
pause (r=-.55). Studies done outside the United States had
a small positive effect on interkick pause (r=.12); whereas
studies done within the United States had a large negative
effect on interkick pause (r=-.55).

The mean r-indicator between high-risk preterm and
full term infants for total kick duration, flexion phase,
intrakick pause, extension phase and interkick pause was
small (Table 3.), similar to the comparison between low-
risk preterm and full term infants. Tests of heterogeneity Q
for the temporal variables showed significance for the flex-
ion phase only (Table 3.). Age was a significant moderator
for the flexion phase: studies testing infants older than 4
months had a medium positive effect (r=.42); whereas
studies testing infants younger than 4 months had almost no
effect (r=-.003).

Intralimb coordination

The mean r-indicator between low-risk preterm and

Table 1. Demographic data of the studies included in this research synthesis.

Authors Citation Study type Testing age Country of origin ~ Sample size
( at corrected age) (preterm/fullterm)
Heriza Phys Ther, 1988, Cross-sectional Term-age (2-3 days U.S.A. (10/15)
68:1687-93 after birth) low-risk preterm vs.
fullterm
Geerdink et al. Dev Psychobiol,  Longitudinal 6 weeks, 12 weeks, The Netherlands (10/13)
1996, 29:335-51 and 18 weeks low-risk, high-risk
preterm and full term
Clayton-Krasinski Doctoral Cross-sectional 47.2 weeks U.S.A. (10/10)

dissertation, developmental delays
1993, New York vs. full term
University
Jonsdottir Doctoral Cross-sectional 5 weeks U.S.A. (20/10)
dissertation, 1999, low-risk, high-risk
Boston University preterm and full term
Vaal et al. Dev Psychobiol, Longitudinal 6 weeks, 12 weeks, The Netherlands (20/9)
2000, 36:111-22 18 weeks, and 26 low-risk, high-risk
weeks preterm and full term
Chen Master thesis, Longitudinal 2 months and 4 Taiwan (22/22)
2000, National months low-risk, high-risk

Taiwan University

preterm and full term
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Table 2. The r-indicators on duration, intralimb coordation, amplitude, kick rate and interlimb coordination between low-risk preterm and full

term infants

Variable No. of tests unweighted r weighted r heterogeneity Q
Duration
Total kick duration 7 0.103 0.040 8.238%
Flexion phase 7 0.126 0.093 2.836
Intrakick pause 7 0.201 0.137 3.343
Extension phase 7 0.111 0.069 2.049
Interkick pause 6 -0.007 -0.042 9.794+%
Intralimb Coordination
Hip-Knee pair 11 0.225 0.192 42,8451
Hip-Ankle pair -1 -0.038 -0.076 8.225%
Knee-Ankle pair 11 -0.019 -0.054 15.509%
Amplitude
Hip flexion 4 -0.030 -0.037 6.06*
Kick rate 6 -0.048 -0.030 13.615%
Interlimb Coordination
%alternate kicking 6 0.155 0.106 3.344
%simultaneous kicking 6 -0.012 -0.028 3.052
#p<.05
p<.01

full term infants for hip-knee correlation, hip-ankle
correlation, and knee-ankle correlation was small (Table
2.). Tests of heterogeneity Q for the intralimb coordination
variables showed significance in all joint pairs (Table 2.).
Study type, country of origin, and age were significant
moderators for hip-knee correlation. Studies with a longitu-
dinal design had a small positive effect (r=.12); whereas
studies with a cross-sectional design had a large positive
effect (r=.60). Studies done outside the United States had
a small positive effect (r=.12); whereas studies done within
the United States had a large positive effect (r=.60). Stud-
ies testing infants younger than 4 months had a medium
positive effect (r=.30); whereas studies testing infants
older than 4 months had a very small effect (r=- .08). For
hip-ankle correlation, study type and countries of origins
were significant moderators. Studies with a longitudinal
design showed almost no effect (r=.04); whereas studies
with a cross-sectional design exhibited a large positive
effect (r=.61). Studies done outside the United States had

almost no effect (r=.04); whereas studies done within the
United States had a large positive effect (r=.61). For knee-
ankle correlation, none of the moderators was significant.

The mean r-indicators between high-risk preterm and
full term infants for hip-knee correlation, hip-ankle
correlation, and knee-ankle correlation were medium, large,
and small, respectively (Table 3.). Tests of heterogeneity Q
for the intralimb coordination variables showed signifi-
cance in all joint pairs (Table 3.). Publication type and age
were significant moderators for hip-knee correlation. Stud-
ies published in journals had a large positive effect (r=.62);
whereas non-published studies had a small positive effect (r
=.22). Studies testing infants younger than 4 months had a
small positive effect (r=.18); whereas studies testing in-
fants older than 4 months had a large positive effect (r=.
46). For hip-ankle correlation, study type and age were the
significant moderators. Studies with longitudinal designs
had a medium effect (r=.30); whereas studies with a cross-

sectional designs had a large effect (r=.87). Studies testing
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Table 3. The r-indicator of duration, intralimb coordination, amplitude and interlimb coordation between high-risk preterm and full term infants

Variable No. of tests unweighted r weighted r heterogeneity Q
Duration
Total kick duration 4 0.154 0.155 0.104
Flexion phase 4 0.219 0.222 4.394%
Intrakick pause 4 0.062 0.084 0.866
Extension phase 4 0.199 0.203 0.338
Intralimb Coordination
Hip-Knee pair 8 0.441 0.329 14.461%
Hip-Ankle pair 8 0.510 0.444 67.382%
Knee-Ankle pair 8 0.206 0.136 8.138%
Amplitude
Hip flexion 4 -0.027 -0.054 3.249
Interlimb Coordination
%alternate kicking 6 0.061 0.086 1.771
%simultaneous kicking 6 0.016 -0.001 5.059%
*p<.05
p<.01

infants younger than 4 months had a small positive effect (r
=.14); whereas studies testing infants older than 4 months
had a large positive effect (r=.67). For knee-ankle
correlation, none of the moderators was significant.

Interlimb coordination

The mean r-indicator between low-risk preterm and
full term infants for the proportion of alternate kicking and
the proportion of simultaneous kicking was small (Table
2.). Tests of heterogeneity Q for the interlimb coordination
variables did not reach statistical significance (Table 2.).

The mean r-indicator between high-risk preterm and
full term infants for the proportion of alternate kicking and
the proportion of simultaneous kicking indicated almost no
effect (Table 3.). Tests of heterogeneity Q for the interlimb
coordination variables showed significance on the propor-
tion of simultaneous kicking (Table 3.). However, none of
the moderators was significant. That is, the effect sizes of
alternate kicking and simultaneous kicking were not de-

rived from a common population; however, the moderators
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suggested in this study (study type, publication type, coun-
try of origin, and age) could effectively explain the hetero-

geneity of the effect sizes.

Spatial variables

The most studied spatial variable was hip flexion
amplitude. The mean r-indicator between low-risk preterm
and full term infants for the hip flexion amplitude indicated
almost no effect (Table 2.). Test of heterogeneity Q for the
hip flexion amplitude showed significance (Table 2.). From
the moderator analyses, age was the significant moderator
for hip flexion amplitude. Studies testing infants younger
than 4 months had a small negative effect (r=-.15); whereas
studies testing infants older than 4 months had a small
positive effect (r=.21).

The mean r-indicator between high-risk preterm and
full term infants for the hip flexion amplitude indicated
almost no effect (Table 3.). Test of heterogeneity Q for the
hip flexion amplitude showed significance (Table 3.).

However, none of the moderators was significant.
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Figure 1. The correlation coefficients between hip and knee joints in full term infants (), low-
risk preterm infants (#), and high-risk preterm infants (a) across age 35-40. The higher the
correlation coefficient, the more synchronized kicking pattern between the two joints. The
correlation coefficients gradually decreased in both full term group and low-risk preterm group;
whereas the correlation coefficient remained high in high-risk preterm group.

Kick rates

The mean r-indicator between low-risk preterm and
full term infants for the kick rate indicated almost no effect
(Table 2.). Test of heterogeneity Q for the kick rate showed
significance (Table 2.). From the moderator analyses, study
type, and country of origin were the significant moderators
for kick rate. Studies with a longitudinal design had a small
negative effect (r=-.16); whereas studies with a cross-
sectional design had a large positive effect (r=.49). Studies
done outside the United States had a small negative effect (r
=-.16); whereas studies done within the United States had
a large positive effect (r=.49).

Only one study compared the kick rate between high-
risk and full term infants. Therefore, no synthesized data

were reported for kick rate between these groups.

DISCUSSION

One remarkable and consistent finding was the medium

to large effect sizes for intralimb coordination, especially

the hip-knee correlations and the hip-ankle correlations,
between high-risk preterm and healthy full term infants.
Studies testing infants younger than 4 months had a small
effect between high-risk preterm and full term groups for
intralimb coordination, whereas studies testing infants older
than 4 months had a large effect between groups. Typically
healthy full term infants decreased the hip-knee synchroni-
zation with age while high-risk infants did not (Figure 1.).
This stable, high correlation in high-risk preterm infants
might be due to abnormal muscle tone, an immature neural
system or insufficient strength or as yet unidentified factors.
363234 Moreover, high-risk preterm infants usually com-
bined severe medical complications, such as respiratory
distress syndrome, chronic lung disease, which have been
reported as risk factors to influence infants' motor
development.* This difference in coordination suggests
that the persistence of an in-phase kicking pattern, charac-
terized with high interjoint correlations, is a potential means
for the very early identification of movement disorders in
high risk preterm infants. Longitudinal studies of infants
through the first years of life will provide the necessary data

309




FIPT 2002; 27(6):303-313

to understand more fully the long-term consequences of this
early pattern.

In contrast, the average effect sizes reflecting intralimb
coordination, especially the hip-knee pair and hip-ankle
pair, between low-risk preterm and healthy full term infants
were very small. Studies testing infants younger than 4
months had a medium positive effect between low-risk
preterm and full term groups; whereas studies testing in-
fants older than 4 months showed no effect between these
groups. Low-risk infants had a higher correlation coeffi-
cient at the early age but this reduced gradually with age
(Figure 1.). Low-risk infants may adapt their strength, muscle
tone, and neural systems to gradually resolve the discrep-
ancy from the healthy full term infants.

In this article, intralimb coordination was the only one
significant kinematic variable to have obvious relationship
with prematurity; whereas other kinematic variables showed
almost no relation. For the variables with small or no rela-
tion with prematurity, most of the variables had significant
heterogeneity tests, showing the studies combined in this
article were not from the same population. That is, the
findings of these variables were inconsistent across studies.
Further research is needed.

Study type was a common moderator. Studies with a
cross-sectional design tended to have large effects between
preterm and full term infants; whereas studies with a longi-
tudinal design tended to have a small or even no effect.
However, those studies with a cross-sectional design usu-
ally tested infants at a younger age and, as a result, might
have been confounded with the effect of age. Longitudinal
studies of preterm infants suggest that there are no signifi-
cant differences between low risk preterm infants and in-
fants born at term.363%40 The results from the cross-sectional
designs, which tested preterm infants once at their earlier
age, could be misleading in terms of the longer-term se-
quelae of prematurity.

The present meta-analysis is limited by the numbers of
studies available, as only six studies were included. None of
the studies were coded for quality, nor did we test for the
effect of other moderators such as muscle strength or infant
alertness on the coordination pattern. None of the studies

followed infants for a sufficiently long period of time to
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determine developmental outcomes.

This meta-analysis can serve as a guide for future
analyses of leg coordination patterns. For future studies, a
longitudinal design with more data points and larger sample
sizes are needed to fully investigate the relation of prema-
turity and kicking characteristics. In addition, other factors
which might influence coordination, such as muscle strength,
infant alertness, anthropometric data, and body weight should
be carefully coded to determine the most influential factors
on leg coordination. A more complete understanding of
early coordination problems is necessary before the most
appropriate intervention programs can be designed for these
very young infants.

In conclusion, early leg coordination in kicking can
serve as a potentially useful indicator to therapists for early
identification of coordination problems. More studies, with
larger samples and longitudinal designs to provide data
from birth through the first years of life, are necessary to
determine the most important factors for the early coordina-

tion of leg movements.
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