Specificity of Postural Control in Body's Anteroposterior and Mediolateral Axes in

Probable Developmental Coordination Disorder
Purpose: To examine postural control of anteroposterior (AP) andmediolateral sway of childrenwith probable developmental coordination disorder (pDCD) and children with typical development (TD). Methods: Fortyeight children (24 in each group) aged 11 to 12 years performed an aiming task, maintaining a laser beam within targets placed in 2 locations (front/side). Precision was compromised primarily by the control of mediolateral sway for the front target and by the control of AP sway for the side target. The task was performed with large and small targets. Results: In the side target condition, only (1) the TD group showed reduced AP sway in response to reduced target size, whereas the pDCD group increased AP sway, and (2) aiming performance for reduced target sizes deteriorated to a greater degree in the pDCD group than in the TD group. Conclusion: These findings suggest children with pDCD have specific deficits in controlling AP sway. (Pediatr Phys Ther 2015;27:328–335) Key words: analysis of variance, child, developmental coordination disorder/physiopathology, female, human, male, postural balance/physiology, psychomotor performance
Introduction

Developmental coordination disorder (DCD) affects approximately 6% to 13% of school children,1 who often present with difficulties in simple functional tasks, suchas buttoning, cutting with scissors, tying shoelaces, riding a bicycle, jumping rope, and balancing on a beam.2

According to the Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition), DCD is a diagnostic term used to describe children who are of normal intelligence, free from both a general medical condition (ie, cerebral palsy) and pervasive developmental disorder (ie, autism), but have obvious motor coordination impairments that interfere with their participation and performance of activities of daily living and academic achievements.3 Children with DCD usually exhibit various difficulties, including physical awkwardness, clumsiness in task execution, poor motor planning, and atypical movement patterns.4 Longitudinal studies have demonstrated that the majority of children with DCD continue to have difficulties with motor coordination throughout adolescence/adulthood, and many of their functional limitations are highly related to impairments in the control of postural sway.5,6body displacement while standing.7 In general, although inadequate postural sway may result in stiffness and lack of exploratory movements,8 excessive postural sway may lead to instability and risk of falls.9 Clinical populations with motor control deficits (ie, Parkinson disease, stroke, and cerebral palsy) usually demonstrated an increased magnitude of postural sway in standing.10 It is noteworthy that Winter and colleagues11,12 demonstrated that the modulation of postural sway in the anteroposterior (AP) and mediolateral (ML) directions can indicate 2 different but interacting dynamics. Indeed, people inevitably engage in many activities of daily living that require adjustments of postural sway in both the AP and ML directions or that require different compositions of AP and ML sway. Standing in a moving bus, for example, involves more control of postural sway in the AP direction when standing with the body’s sagittal plane parallel to the vehicle’s long axis, whereas it requires more control of postural sway in the ML direction when the body’s sagittal plane is perpendicular to the vehicle’s long axis. Undoubtedly, modulating postural sway in the AP and ML directions plays an important role in, and is closely related to, functional daily activities.

In this study, we were especially interested in whether the control of AP and ML sway in children with DCD differs significantly from that of children with typical development (TD). Previous studies comparing children with DCD and TD found that children with DCD encountered difficulties in modulating their posture in upright positions.13-16 However, the assessments of postural control yielded inconsistent results for the body’s AP and ML sway. Geuze13 assessed force plate measures of subjects in 1-legged stance with eyes opened and found no differences in both AP and ML sway between children with DCD and TD. Laufer et al14 reported that postural sway in both the AP and ML directions was higher in children with DCD than in children with TD during the naming objects task in bipedal stance. Similar results were also found while performing a signal detection task, which involved determining while in upright standing whether a pair of briefly flashed vertical lines were identical in length.15 However, Chen et al16 reported that children with DCD only have difficulties in adapting postural sway in the ML direction during the execution of a short-term memory task. Although the majority of these researchers found that children with DCD have poor postural control, none of them used a task that requires postural control in both the AP and ML directions. This study suggests that it is important to differentiate and compare postural sway responses in terms of the body’s planes, as deficits in directional-specific postural control may result in particular forms of dysfunction and injury (ie, falls in a particular direction). This study adapted the task from Balasubramaniam et al to determine the differences in the postural patterns of AP and ML sway between children with DCD and TD. Balasubramaniam et al studied the relationship between the sway of center of pressure in the AP and ML directions using a precision aiming task, which required adults to hold a laser pointer and maintain its beam within a specified target area during bipedal stance. The distance between participants and the target was varied to create a range of aiming difficulty, with task difficulty increasing with longer distance. The location of the target was also varied, so that during the front target condition the participants viewed it by looking straight ahead, and during the side target condition by looking over their right shoulder. They found that the effect of task difficulty on the relative magnitude of postural sway in the AP and ML directions changes as a function of target location. In the front target condition, the magnitude of postural sway in the ML direction was reduced with greater task difficulty, whereas themagnitude of postural sway in the AP direction was increased. In the side target condition, the patterns of relative postural sway in the AP and ML directions were reversed. Balasubramaniam et al found that precision would be compromised primarily by the control of ML sway for the front target and by the control of AP sway for the side target. The precision aiming task was useful and widely employed for examining the adaptive capacity of postural control, with separate measures for the AP and ML directions.18,19

In this study, we replicated and extended the protocol of Balasubramaniam et al17 in 3 ways. First, Balasubramaniam et al collected kinetic data using a force plate, whereas we collected kinematic data of the torso, allowing us to evaluate the control of movement in terms of a specific body segment.20 Second, Balasubramaniam et al enrolled adults to serve as participants, whereas we recruited children with probable DCD (pDCD) and TD. Third, we measured the performance of a precision aiming task to further examine whether various patterns of AP and ML sway would differentially affect aiming performance. This study thus was designed to determine how postural sway in the AP and ML directions is modulated to execute the precision aiming task for children with and without pDCD. The spontaneous postural responses during quiet stance were comparable to adults in children with TD at the age of 9 to 12 years21; therefore, this study predicted (1) during the execution of the precision aiming task, 11- to 12-year-old children with TD would display similar patterns of relative AP and ML sway to that of adult participants in Balasubramanian et al’s study, whereas children with pDCD would not, and (2) performance on the precision aiming task would differ between groups.

