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Kinematic analysis of preterm newborns’ spontaneous movements
for postural activity assessment

Jan Halek?, Anita Muckova®, Zdenek Svoboda, Miroslav Janura‘, Jana Marikova®, Katerina Horakova®, Lumir Kantor?,
Nina Nemcova“

Aims. The objectives of this pilot study were to assess the potential use of 3D videography for analyzing the motion
of the body center of mass (COM) in newborns and to determine differences in spontaneous movements between
preterm and full-term infants.

Methods. The group comprised 10 preterm newborns (gestational age at birth between 26 and 37 weeks; birth weight
800 to 2960 g; gestational age at the time of examination 34 to 39 weeks) and 10 full-term infants (gestational week 38
to 41; birth weight 2810 to 4360 g). To determine the range of motion of the COM, 3D videography was used (2 cameras,
25 Hz). When recording their movements, the infants were in the supine position, calm and awake. The recordings
were processed using the APAS software. Selected points on the body were marked to obtain data for calculating the
basic parameters of COM trajectories.

Results. The range of motion of the COM in both craniocaudal and anteroposterior directions was significantly greater
in premature infants (P <0.05 and P < 0.01, respectively) than in full-term babies. The variability of motion of the COM
was significantly greater in the craniocaudal (P < 0.01) and anteroposterior (P < 0.05) directions in preterm babies. This
was also valid for the velocity of motion of the COM in the craniocaudal direction (P < 0.05).

Conclusions. 3D videography can be used for experimental assessment of motor behavior in preterm infants. Basic

kinematic characteristics of the motion of the COM (range, variability, velocity) are greater in preterm infants.
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INTRODUCTION

A non-insignificant proportion of the newborn popu-
lation is at risk for impaired development potentially af-
fecting motor skills (cerebral palsy), as evidenced by the
presence of risk factors. Significant risk factors include, in
particular, preterm birth, certain congenital anomalies of
the central nervous system (CNS) and hypoxic-ischemic
encephalopathy. At present, no simple and objective
method is available that would reliably predict develop-
ment of such complications and allow early and targeted
intervention in this at-risk population. To estimate further
development, several methods from various fields may be
used, such as results of CNS imaging (ultrasound or mag-
netic resonance imaging [MRI]), electrophysiological and
clinical examinations. MRI of the brain is a valuable and
objective tool; the drawbacks are high cost and the need
for analgesia and sedation in young children. Its reliability
in predicting the development of motor impairments is
limited'. The problem in clinical neurological examination
is the absence of standardized examinations to be used
in infancy and the existence of numerous methods, some
of which are strikingly different. The methods used are

of various predictive value and depend on rater experi-
ence’. Recently, assessment of the so-called general move-
ment has proven promising. Recordings of movements
are used to evaluate the quality of certain spontaneous
general movements in infants and newborns**. Even with
this time-consuming method, however, validity must be
established in further studies.

One approach used to analyze human motion is kine-
matic analysis. This group of methods includes the use
of imaging techniques to identify the position of selected
body points or segments and to record their movement in
time and space. Subsequently, data are processed to pro-
vide quantitative and objective analyses of movement®’.

The basic premise for voluntary motor activity in hu-
mans is to control the spatial position of the body and
body segments. Development of this postural control is
a very complex and comprehensive process influenced by
numerous physiological and pathological factors®. Thus,
assessing variability in postural control is one of the op-
tions for early detection of severe motor impairments.

The center of mass (COM) of the human body is de-
fined as the point of the weight vector. It may be deter-
mined as the weighted average of positions of the COMs
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of individual body segments. Characteristics of the move-
ment of the COM over time may be used to assess pos-
tural control®!°,

This pilot study aimed at verifying the potential use
of kinematic analysis to characterize the movement of
the COM in newborns and determining the difference
between groups of preterm and full-term babies.

MATERIALS AND METHODS

Patients

The group comprised 20 newborns who were hospital-
ized in the Department of Neonatology of the University
Hospital Olomouc at the time of investigation (Table 1).
The experimental group included 10 preterm newborns
with a gestational age at birth between 26 and 37 weeks
and birth weight (BW) ranging from 800 to 2960g. At
the time of examination, their gestational age was 34 to
39 weeks and their actual weight was 1930 to 2740¢g. The
control group comprised 10 full-term newborns (gesta-
tional week 38 to 41) with a BW of 2810 to 4360g. The
examination was performed on day 3 or later after birth.
The inclusion criteria were good clinical condition, ab-
sence of severe complications (severe respiratory distress
syndrome, bronchopulmonary dysplasia, severe infection
complication, necrotising enterocolitis, periventricular
leukomalacia, intra/periventricular hemorhage), con-
genital developmental anomalies and relevant medica-
tion (sedatives and analgetics etc.) (Table 1). Informed
consent was obtained from parents of all patients and the
study was approved by the local ethics committee.

Equipment, measurement procedures

Newborns’ movements were recorded with two cam-
eras (Sony DCR-TRV900E and Sony HDV 10801, 25 Hz)
synchronized with a light board with LEDs. Prior to each
recording, the space was calibrated using a cuboid-shaped
metal frame with marked points at predefined distances.

Before the video recording was started, the child was
placed in the supine position on a disposable underpad in
the recorded space. Children were one to two hours after
feeding, the examination room was quit, dimly lighted
and adequately heated (22 - 25 °C). When filmed, all chil-
dren were awake and calm. Then, a 30-second recording
was made of the infant’s spontaneous movements in this
position.

Subsequently, the recordings were processed using the
APAS software (Ariel Dynamics. Inc., Trabuco Canyon,
CA, USA). After synchronization of two corresponding
recordings made with both cameras, selected anatomical
points (the nose, centers of the pinnae, centers of the
shoulder joints, medial humeral epicondyles, centers of
the wrist, navel, xiphoid process, centers of the hips, me-
dial femoral epicondyles and medial ankles) were marked
in each picture.

With the APAS software, time-dependent trajecto-
ries of the markers in recordings were generated and
smoothed using a quintic spline. To calculate the COM,
first, COMs of the following individual segments were
determined: trunk+head, right/left thigh, shank+foot, arm
and forearm+hand. The resulting COM was calculated
using relative segment masses' and the formula: x,, =
M) m.X, where m, is relative segment masses and X; is the
x-axes of COM of individual segments. Similarly, y ., and
Z, Were calculated.

Measured parameters

To allow comparison of the two groups, the following
parameters were determined: the total range of motion
of the COM - the percentage of the range of motion of
a point relative to the infant’s body length; variability of
the COM motion - the standard deviation of motion of
a point relative to the body length; and velocity of the
COM motion - the mean velocity of a point relative to
the body length. All parameters were determined both
for individual movement directions (craniocaudal, antero-

Table 1. Experimental and control group profiles.

S Gestational age Birth weight Postnatal age
X (weeks) (2) (days)
Experimental group F 2140 18
(n=10) M 2960 3
F 2340 18
M 800 72
M 1490 22
M 980 63
M 1680 20
F 1930 17
F 1940 20
M 2840 3
Control group E g (5);8 i
(n=10) F 3390 3
M 2810 3
F 3370 4
M 4360 3
M 3430 3
M 3080 3
M 3090 3
M 3850 4
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Table 2. Basic statistical characteristics of measured COM parameters.

Range Variability Velocity
Plane Infants Mean + SD P Mean = SD P Mean + SD P
Craniocaudal Preterm 10.0 £ 7.7 0.017 2.0+£0.9 0.008 1.7+ 1.1 0.028
Full-term 48+19 1.0+£0.4 0.8+0.6
Anteroposterior Preterm 5.3+3.4 0.006 1.1+0.4 0.017 0.9+£0.5 0.182
Full-term 29+ 1.1 0.7+0.2 0.6 +0.4
Mediolateral Preterm 7.7+4.4 0.113 20+ 1.7 0.211 1.2£0.6 0.065
Full-term 45+19 1.1£0.5 0.7+04
3D Preterm 9.2+4.1 0.017 1.8 £0.8 0.028 1.4£0.8 0.013
Full-term 48+0.9 1.0+0.3 0.8+0.4
posterior and mediolateral) and for the resulting COM 14 30
motion in the space (3D). £ o
12 = 125
Statistical analysis o
The data were processed with the Statistica 10.0 soft- L 4 =
ware (Stat-Soft, Inc., Tulsa, OK, USA). Differences be- |, , 15 %
tween the two groups (COM range of motion, variability
and velocity) were compared using the nonparametric 6 % 1.0
Mann-Whitney U test. ) . % o
2 0.0

RESULTS

Basic statistical characteristics of the measured param-
eters are shown in Table 2. The range of motion of the
COM was significantly greater in preterm babies than in
full-term babies, both in space (9.2%/4.8%) and in the cra-
niocaudal (10.0%/4.8%) and anteroposterior (5.3%/2.9%)
directions (Fig. 1).

The variability of the COM motion was significantly
greater in the craniocaudal and anteroposterior directions
in preterm babies than in full-term babies. This was also
valid for the resulting motion of the COM in space (cra-
niocaudal direction 2.0%/1.0%, anteroposterior direction
1.1%/0.7% and motion in the space 1.8%/1.0%).

The velocity of the COM was significantly higher in
preterm babies in the craniocaudal direction (1.7%/0.8%)
and in the space (1.4%/0.8%); in the mediolateral direc-
tion. The P-value was close to the level of significance
(0.05).

DISCUSSION

Kinematic analysis of movement is rarely used in the
neonatal age. The published studies used different meth-
ods and assessed different parameters and movement
patterns. Relatively frequent are studies analyzing spon-
taneous early kicking movements of newborns and young
infants'>!¢, In this area, however, no typical changes were
found that would signal abnormal motor development!.
This is not surprising given that newborns and young in-
fants perform so-called holokinetic or generalized move-
ments. Analyzing isolated movements of their limbs may
not be appropriate for movement assessment. Moreover,
spontaneous kicking movements are likely to be automa-
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Fig. 1.
*P<0.05

Graphical comparison of observed groups - 3D values.

tisms generated in the spinal cord and not in the higher
nervous centers. Thus, abnormalities in spontaneous leg
movements are unlikely to reflect the status of higher mo-
tor centers, abnormalities of which are responsible for
motor development disorders.

To the best of our knowledge, kinematic analysis to as-
sess the range of motion of the COM in newborns has not
been reported so far. However, studies have been carried
out that used force plates to measure the center of pres-
sure (COP, point of the ground reaction force vector) and
changes in its position in time>!3?!. Darsaklis et al.’ com-
pared characteristics of changes in the COP in preterm
and full-term infants at corrected ages. The former were
found to have significantly greater range of motion of the
COP and its fluctuations in the craniocaudal direction.
When assessing the complexity in movements, this group
was found to have stereotypic movements compared with
more complex changes in full-term infants. Other studies
investigated the COP behaviour during infants’ voluntary
activity (voluntary reaching) at the corrected ages of 4
and 6 months, once again by comparing populations of
preterm and full-term babies; at the same time, kinematic
analysis was used to assess the quality of reaching. In this
case, preterm infants were found to have a lower total
range of motion of the COP that was associated with
a better quality of reaching. The significance of these find-
ings is not completely clear but the authors suggest an
association with different preterm infants’ adaptation to
the extrauterine environment?®2!,
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This pilot study aimed at determining whether kine-
matic analysis could be efficiently used to assess move-
ments in newborns. Equipment-wise, the method is
relatively simple. It is our opinion that recordings made
with two cameras are sufficient for this type of study;
more cameras allow more accurate quantifications but
at the cost of longer time spent on data processing??. In
the recordings, points were manually marked to minimize
the burden to infants, with respect to problems brought
about by marking points directly on the skin or attaching
markers to the skin with adhesives. Ours is not an optimal
solution due to potential inaccuracies when marking the
points in movement recordings and, in particular, time-
consuming processing of recordings. Therefore, adapta-
tions should be made to the method so that recordings
are processed automatically.

The ascertained differences in COM movement in
both studied groups may stem from the different envi-
ronment in which preterm babies develop (effect of gravi-
tation, forced position and need for full use of muscles
to ensure breathing movements), length of adaptation to
the external environment (postnatal age) as well as fac-
tors directly affecting motor control at both central and
peripheral levels (severe health complications). This will
have to be verified by further studies focusing on selected
phases of ontogenesis.

Our findings suggesting differences in the movement
of the COM between groups cannot be generalized due
to either the small study group or its low homogeneity
(differences in birth weight and gestational age, measure-
ments not carried out at corrected ages, relatively short
postnatal adaptation of full-term babies, etc.).

CONCLUSION

Kinematic analysis of movements using 3D videogra-
phy may be used to investigate newborns’ spontaneous
movements. By determining the center of mass and its
motion in time, neonatal postural activity may be indi-
rectly assessed. The detected significant differences in
certain characteristics of the motion of the COM in the
group of preterm infants suggest the potential value of
the method in early diagnosis of movement disorders in
at-risk groups of newborns.
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