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Two different methods for kinematic analysis 
of head movements relating to eye-head 
coordination in infants
Dois métodos diferentes para análise cinemática dos movimentos de cabeça 
durante a coordenação viso-cefálica de lactentes

Lima CD1, Carvalho RP2, Barros RML3, Tudella E1

Abstract

Background: Kinematic analysis is a method for quantitative assessment applied in different fi elds of study. In the fi eld of motor 

development, this analysis may promote better understanding of the acquisition and development of motor skills. Objective: To develop 

and compare two experimental set-ups for kinematic analysis of head movements relating to eye-head coordination (EHC) in infants. 

Methods: Two experimental set-ups (A and B) were tested. They differed from each other regarding the numbers and locations of the 

cameras, and regarding the volume of the calibration system. Results: The accuracy of the two experimental set-ups was 2.47mm, thus 

indicating that both can provide realistic reconstructions of the movement. The three cameras used in set-up B made it possible to view 

the full range of motion with at least one of the cameras. This led to improvement of the qualitative analysis and reduction of the time 

taken to process quantitative data, which was 33% shorter than seen with set-up A. In addition, set-up B presented a better cost-benefi t 

relationship. Conclusions: Although both set-ups were adequate for kinematic analysis of head movements relating to EHC in infants, 

set-up B is more advantageous. The methodology for set-up B can be used in studies investigating head movements in either typical 

or atypical infants. The results from such studies could be used to complement assessments on at-risk infants and consequently could 

assist in implementing early interventions.
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Resumo

Contextualização: A análise cinemática é um método de avaliação quantitativa empregada em diferentes áreas de estudo. Na área do 

desenvolvimento motor, essa análise pode proporcionar uma melhor compreensão da aquisição e do desenvolvimento das habilidades 

motoras. Objetivos: Desenvolver e comparar dois arranjos experimentais para análise cinemática dos movimentos de cabeça durante 

a coordenação viso-cefálica (CVC) em lactentes. Materiais e métodos: Foram testados dois arranjos experimentais (A e B) que diferiam 

quanto ao número e posicionamento das câmeras, bem como quanto ao volume do sistema de calibração. Resultados: A acurácia 

dos dois arranjos experimentais foi de 2,47mm, indicando que ambos podem fornecer uma reconstrução verossímil do movimento. As 

três câmeras usadas no arranjo B favoreceram a visualização de toda a amplitude do movimento por pelo menos uma das câmeras. 

Isso levou à melhora da análise qualitativa e à redução do tempo de processamento dos dados quantitativos, reduzindo-o em 33% 

quando comparado ao arranjo A. Além disso, o arranjo B apresentou melhor relação custo-benefício. Conclusões: Ambos os arranjos 

são adequados para a análise cinemática dos movimentos de cabeça durante a CVC de lactentes, entretanto, o arranjo B é mais 

vantajoso. A metodologia do arranjo B pode ser empregada em estudos que investigam o movimento de cabeça de lactentes, sejam 

eles típicos ou atípicos. Os resultados de tais estudos poderão ser empregados para complementar a avaliação de lactentes de risco 

e, conseqüentemente, auxiliar na intervenção precoce destes.
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Introduction 
Kinematic analyses of human motion have been used as 

a method of quantitative evaluation, which by means of the 

interpretation of results allows inferences about movement 

detail. Such analyses have been widely applied in different 

areas of study of human movement, either for assessing 

the development of athletes during sports practice1 and 

the effects of rehabilitation2-4 or to improve the knowledge 

about development and development and motor control in 

infants and adults5-9. Especially in the motor development 

area, researchers use kinematic analyses as a tool for 

understanding motor skill acquisition and development in 

infants, such as reaching and kicking skills10-15.

Head movement is among the motor skills that are 

important for global motor development in infants16. Babies 

are able to actively move their heads since birth, whether 

for feeding, when they search for the mother’s breast, or 

to liberate the airways, when placed in a prone position. 

By the end of their first semester, infants show active 

head movement control, as the primary sensory-motor 

coordination is already developed, head and trunk posture 

control are enhanced, and some anti-gravitational postures 

have been acquired.

Eye-head coordination (EHC) consists in fixing the gaze 

on an object and following it simultaneously with eye and 

head movements. This coordination is present naturally 

during the first days of the infant’s life and develops acutely 

during the first four months, contributing considerably to 

head and anti-gravitational postural control16,17.

As EHC develops in the infant, visual activities are 

performed with greater range and effi  ciency, with increased 

contribution of head movement, increased synchronization 

between object displacement and visual tracking and a 

decrease in eye movement18,19. Furthermore, EHC development 

allows infants to perform the adjustments required for manual 

reaching development20, and hand exploration.

Given the importance of head movement during EHC 

for global motor development in infants, and the lack of 

protocols for its measurement, it is necessary to develop 

a methodology that allows accurate quantification while 

investigating these movements. This is even more important 

during the period of the acquisition of head control (newborn 

to four-months old) because the current literature is limited 

to studies that performed kinematic analyses (using one or 

two cameras) only of the head rotation, associated with eye 

electro-oculography. The present study aimed to develop 

and compare two experimental conditions for kinematics 

analyses of head movement during EHC in infants.

Materials and methods 

Subjects

This study was carried out with a sample of three healthy 

infants, born at term (38±1 weeks of gestational age), with a 

mean birth-weight of 3,326.67g (±336.50). After the approval 

(no.289/2006) by the Ethics Committee of the Universidade 

Federal de São Carlos and parental consent through 

signature of the informed consent form were obtained, the 

infants were evaluated monthly from birth to four months of 

age, close to their birth date (± seven days). This age range 

was chosen because it is the period during which both head 

control and EHC develop in healthy infants.

Procedures

Calibration system and equipment disposition in laboratory
In order to describe a point’s movement, it is necessary 

to know its position in space in relation to a given reference 

and as a function of time21. This reference, called calibration 

system, is determined by known X, Y, and Z coordinate 

points, which will be input into the analysis system. In 

the present study, this system consisted of six plumb lines 

measuring 2.3m. Twenty-five retro-reflexive markers, each 

0.5cm in diameter, were placed 5cm apart throughout the 

lines22. The X, Y, Z coordinates of the markers were measured 

by means of a digital Total Station (Leica). X and Y axes were 

plane coordinates, related to the “0” point (0,0), while the Z 

axis was the height differences between the markers and the 

system’s “0” point. The calibration system volume contained 

all movements of the object to be tracked, thus assuring 

precise measurements.

Two experimental conditions (A and B) were tested to 

establish the number of cameras ( JVC/GY DV-300), their 

disposition in the laboratory (4.5 x 5.0m) and the most 

adequate calibration system volume for head movement 

analyses during EHC. In condition A, usually adopted in 

research involving spontaneous kicking and reaching13-16,22, 

four digital cameras (C1, C2, C3 and C4) on 1.45m-high 

tripods were distributed, in pairs, lateral-diagonally to the 

infants’ evaluation chair (Figure 1A). In this experiment, 

camera locations  (X, Y and Z coordinates) were: C1 (0.06m, 

1.76m, 1.43m), C2 (0.48m, 2.92m, 1.45m), C3 (3.76m, 3.02m, 

1.46m) and C4 (3.72m, 1.58m, 1.43m), and the calibration 

systems had a volume of 0.64 x 0.84 x 0.35cm3. For condition 

B, three digital cameras (C1, C2 and C3) were placed on 

tripods and distributed as follows: one posterior and 

superior to the infants’ evaluation chair, at a height of 
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2.20m; and two laterally to the infants’ chair, at a height of 

1.45m. Camera locations were: C1 (0.84m, 0.24m, 1.10m), 

C2 (1.45m, 2.39m, 2.13m) and C3 (2.22m, 2.28m, 1.16m) 

(Figure 1B), and the calibration system had a volume of 0.64 

x 0.36 x 0.35cm3. The decrease in volume of the calibration 

system was implemented for condition B in order to restrict 

camera framing of the infants’ head, contributing to close-up 

shots, and consequently, to the qualitative analysis of the 

movement. During image acquisition, lights were placed 

laterally to the chair, illuminating the markers indirectly so 

as not to interfere in the infants’ behavior. The cameras were 

set and adjusted to manual mode, manual zoom, shutter 

opening time, focus and white balance parameters before 

the beginning of data collection. From this moment on, no 

changes were made to camera parameters, which remained 

turned on until the end of the assessment, thus avoiding 

changes in the data sampling parameters.

The calibration system was recorded for approximately 

ten seconds, at a 60Hz frequency. After this period, the wires 

were removed, the infant was placed in position, and the 

evaluation took place.

Experimental protocol
The markers were objects attached to pre-determined 

points of the body to help track the movements of these 

points. In the present study, three passive, retro-reflexive 

markers, measuring 0.5cm in diameter23,24, were attached to 

the infants’ anatomical head points as follows: right (M
1
) and 

left (M
3
) zygomatic arches; and parietal bone vertex (M

2
)25,26 

(Figure 2). The marker positions were defined by considering 

the infants’ head as a rigid object. However, all objects are 

deformed to a greater or lesser extent, and to assume that 

an object is rigid facilitates movement analyses25-27.

With the markers in place, the infants were placed 

in a supine position on the evaluation chair (0° with the 

horizontal line). After acclimatization for 20 seconds, a visual 

stimulation card containing a black and white drawing of a 

face was placed 25 to 30cm from the infants’ face at eye level. 

Fixation of the infants’ gaze on the card was verified by means 

of the card’s image being reflected on the infants’ pupil, a 

method used for verification of visual preference28. After the 

infants’ gaze was fixed on the card, it was slowly moved in 

the transversal plane with the purpose of stimulating EHC 

and, consequently, head movement. It is noteworthy that in 

Figure 1. Camera, table, and assessment chair positions in experimental conditions A (Figure 1A – adapted from Landgraf22) and B 
(Figure 1B).
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Figure 2. Positions of the markers (M1, M2, and M3) (adapted from 
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both experimental conditions, the stimulation card did not 

prevent marker visualization by the cameras during head 

movement. Total card presentation time was two minutes 

and a flash was used, before the beginning of the evaluation, 

to synchronize the cameras. Its shot time was equivalent to 

a film frame.

Movement reconstruction using Dvideow®

Although there are several motion analysis systems 

available on the market, this study opted for Dvideow 5.029,30 

because it is a Brazilian system, and has been used in other 

studies13-16. During the evaluation, images were recorded 

on digital videotapes and, later, transferred to .AVI format 

files, as required by the system. An image caption card and 

Studio 9 software program were used for that purpose. In 

the Dvideow system, files were loaded and synchronized 

from the identification of the frame that revealed the flash 

shot when the experiment began. After synchronization, 

the images of the frames at the beginning and end of each 

movement were identified. The beginning of the movement 

was defined as the moment in which the infant initiated 

head movement towards the object, after fixing their gaze 

on the stimulation card. The end of the movement was 

defined as the moment in which the infant moved their gaze 

away from the stimulation card.

For tridimensional movement reconstruction, it is 

necessary that the marker be visualized by, at least, two 

cameras. In this sense, it became necessary to divide the 

tracking into two parts: from the right side until the center 

line, and from that point towards the left side. In experimental 

condition A, movements initiated on the right side and were 

tracked by C1 and C2 cameras, while the ones initiated on 

the left, were tracked by C3 and C4 cameras. In condition B, 

the movements initiated on the right side and were tracked 

by C1 and C2 cameras, while the ones initiated on the left 

were tracked by C2 and C3 cameras. The next step towards 

movement reconstruction consisted of marker tracking. 

Dvideow allows automatic recording of the filmed marker 

coordinates, known as tracking, and manual correction in 

the case of they are not recognized automatically during 

the trajectory. Tracking was obtained by integrating the 

resources of segmentation (recognizing marker features in 

the registered images), prediction (constraint of the search 

region of the markers thus reducing execution time) and 

the correspondence between the recognized markers in two 

consecutive frames.

The screen coordinates of the markers in the calibration 

system were also obtained. With these coordinates and 

the coordinates from the tracked movement as well as the 

calibration system parameters, the X, Y and Z coordinates 

of the markers placed on the infant’s head were obtained by 

the direct linear transformation method. 

Kinematic variable calculation
After tridimensional space reconstruction with the 

Dvideow system, a file with X, Y, Z coordinates of marker 

locations during the EHC movements was obtained. 

Afterwards, data were filtered using Matlab 6.1, with a 

fourth-order Butterworth filter and cutoff frequency of 6Hz. 

The head movement angle calculations variables during 

EHC (range of motion for flexion/extension, inclination 

and rotation and instantaneous angular velocity) were then 

calculated. As such, it was necessary to build an orthogonal 

basis with the origin in M1 (Figure 2). Flexion-extension 

angles were calculated by means of the movement around 

the i axis; the rotation angles, around the j axis, and the 

lateral inclination angles, around the k axis. The head 

flexion-extension, inclination and rotation ranges were 

obtained by using equation 1, while instantaneous velocity 

was obtained by means of equation 2:
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in which flex, incl and rot correspond to the head flexion-

extension, inclination and rotation ranges, respectively; n 

corresponds to the number of frames for each movement.

Equation 2

)*()*()*()( dzdzdydydxdxivel ++=

in which i corresponds to the moment related to the 

movement; dx, dy and dz correspond to the instantaneous 

velocities in X, Y, and Z coordinates, respectively.

Angular variables (range of motion and instantaneous 

angular velocity) were selected because of the fact that 

the consulted literature does not report how the range and 

velocity of head movement during EHC develop during the 

first four months of age.

Accuracy of calculation
Compatibility between real movement and the three-

dimensional reconstruction of the spatial coordinates of 
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the markers, i.e. accuracy, could be tested by evaluating the 

variation in distance between the two markers attached 

to a long stick25,26 inside the calibration volume. Thus, two 

markers were attached to a long stick (31 x 3 x 0.5cm) and 

randomly moved in the interior of the calibration volumes 

of experimental conditions A and B, at an interval of 300 

frames. The actual distance between markers was 25.5cm. 

Accuracy (a) is calculated using the equation a2=(b2+p2), 

in which b is the measured bias, given by the differences 

between mean values obtained, and the real value, while p2 

is the variance of the values. The closer the result is to zero, 

the more precise the measurement is.

Results and discussion 
The accuracy, the compatibility between real movement 

and three-dimensional reconstruction, and the time 

optimization of the analysis were compared between 

experimental conditions A and B.

Accuracy

In the present study, both calibration systems had 

different volumes. According to the accuracy results, 

a 2.47mm value was obtained for both experimental 

conditions. These values were within the patterns commonly 

used in the literature22,23, and represented the measurement 

precision. In this sense, it can be inferred that both systems 

may be used in the three-dimensional reconstruction of 

head movement, as the obtained values were sensitive to 

small movement variations, such as the ones observed in 

head movement during EHC in the first months of age.

Compatibility between real movement and three-dimensional 
reconstructions

Camera positioning during experimental conditions 

A and B allowed the head movement reconstruction to be 

compatible with the real movement. However, experimental 

condition B (Figure 1B) provides the advantage of viewing the 

entire range of motion with one camera (C2), and generating 

a three-dimensional file with the X, Y, Z coordinates from 

all three markers. Furthermore, experimental condition 

B permitted a calibration system with less volume, which 

allowed greater camera close-up shots and consequently 

the observation of the infants’ eye movement synchronized 

with the stimulation card. Therefore, this experimental 

condition contributed to both quantitative and qualitative 

analyses of head movement during EHC in newborn to four-

month old infants. 

Time of analyses optimization
An important aspect to be considered in quantitative 

kinematic analyses is that, for three-dimensional 

reconstruction to be carried out, it is necessary that each 

marker be visualized simultaneously by at least two cameras. 

In the present study, both experimental conditions respected 

this pre-requisite. However, experimental condition B 

appeared to be more advantageous than condition A in 

regard to optimization of the analysis time. Due to the smaller 

number of images and to the improved automatic tracking by 

increases in zoom, condition B took 33% less time to obtain 

the three-dimensional fi les than condition A. In terms of the 

cost-benefi t ratio, condition B made the research faster and 

cheaper because it reduced the amount of equipment and 

materials needed.

An example of the application of the methodology for head 
movement analysis during EHC 

In order to illustrate the methodology proposed for 

kinematic analyses of head movement during EHC, the 

longitudinal results of range of motion for fl exion-extension 

(Figure 3A), lateral inclination (Figure 3B) and rotation (Figure 

3C) of one of the three subjects will be presented. 

Figure 3 A-C shows the range of motion obtained by the 

diff erences between the positions of the beginning and end of 

the curve. It also shows that small movement ranges ( fl exion-

extension, inclination and rotation) were executed especially 

during the period from birth to two months of age. However, an 

increase in these ranges was observed as the infants became 

older. Th us, at four months of age, the infants demonstrated 

the greatest range of motion (approximately 53° of fl exion-

extension, 28° of lateral inclination and 40° of rotation).

Th e range gain of neonates was small; however, head 

movement during EHC was stable, that is, with subtle 

variations in range of motion. Th is is probably due to the 

neonates’ neck length and physiological fl exor pattern, which 

keep the shoulder girdle close to the head, stabilizing it in 

spite of the neck’s hypotonia. Nevertheless, from the fi rst to 

the third month, greater range of motion was observed. In 

contrast, instability (greater range of motion variations) was 

verifi ed in head movement during EHC, possibly due to a 

decrease in the physiological fl exor tonus, to an increase in 

neck length, and to the lack of synergy in the co-activation of 

the neck muscles. In the fourth month, the range gains were 

greater than in the previous months, and the movement curve 

was harmonious and without irregularities. It is hypothesized 

that this was due to the development of head control, resulting 

from the coordination between the agonist and antagonist 

neck muscles, to the decrease of the head in proportion to 

the trunk, and to the enhancement of visual acuity.
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ratio, and improved qualitative analyses. Th e methodology 

of condition B may be used in the study of coordination that 

involves head movement (e.g., audio-cephalic, audio-visual-

cephalic), visual tracking, and head control, in both typical 

and atypical infants. Information provided by studies that use 

the suggested methodology may complement evaluations and 

early interventions performed on infants at risk.

Conclusions 
It can be concluded that both experimental conditions were 

adequate for kinematic analyses of head movement during 

EHC in infants from birth to four months of age. However, 

experimental condition B provided more advantages due to 

shorter time spent on processing the results, better cost-benefi t 

Figure 3. Curves for fl exion-extension range of motion (Figure 3A), inclination (Figure 3B) and rotation (Figure 3C), normalized by the time of head 
movement during EHC of newborn to four-month old infants.
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