
Original Article
DOI: http://dx.doi.org/10.1590/2446-4740.05115

*e-mail: lbb14@ufrgs.br
Received: 13 December 2015 / Accepted: 16 August 2016

Effects of aging on interjoint coordination during arm reaching

Marcus Vinicius da Silva, Leia Bernardi Bagesteiro*

Abstract	 Introduction: Moving the arm towards an object is a complex task. Movements of the arm joints must be 
well coordinated in order to obtain a smooth and accurate hand trajectory. Most studies regarding reaching 
movements address young subjects. Coordination differences in the neural mechanism underlying motor 
control throughout the life stages is yet unknown. The understanding of these changes can lead to a better 
comprehension of neuromotor pathologies and therefore to more suitable therapies. Methods: Our purpose was 
to investigate interjoint coordination in three different aging groups (children, young, elderly). Kinematics and 
kinetics specific variables were analyzed focusing on defined parameters to get insight into arm coordination. 
Intersegmental dynamics was used to calculate shoulder and elbow torques assuming a 2-link segment model 
of the upper extremity (upper arm and forearm) with two friction-less joints (shoulder and elbow). A virtual 
reality environment was used to examine multidirectional planar reaching in three different directions (randomly 
presented). Results: Seven measures were computed to investigate group interlimb differences: shoulder 
and elbow muscle torques (peak and impulse), work performed by shoulder and elbow joints, maximum 
velocity, movement distance, distance error at final position, movement duration and acceleration duration. 
Our data analysis showed differences between movement performances for all analyzed variables, at all ages. 
Conclusion: We found that the intersegmental dynamics for the interlimb (left/right) comparisons were similar 
for the elderly and children groups as compared to the young. In addition, the coordination and control of 
motor tasks changes during life, becoming less effective in old age. 
Keywords: Arm reaching, Kinetics, Motor coordination, Aging.

Introduction
The ability to move the arm is essential for almost 

all daily living activities, such as personal hygiene, 
eating and dressing. These movements can be defined 
as the voluntary positioning of the hand in a desired 
location in space, so that there is interaction with the 
environment, which requires the coordination of multiple 
joints of the arm and involves the musculoskeletal and 
nervous systems. Reaching movements are generated 
through motor commands from the brain to predict 
the dynamic forces of a desired trajectory and, with 
practice; these commands are modified, increasing 
the efficiency of the movement (Shadmehr and 
Moussavi, 2000). To produce the desired trajectory, 
forces in the muscles must be coordinated with the 
external forces imposed by the environment, as well 
as additional forces arising within the musculoskeletal 
system. Internal forces include interactions imposed 
by the movement of the different segments of the arm 
and the forces that results from the expansion and 
contraction of non-contractile tissue. External forces 
include, for instance, the gravity and contact forces.

Studies indicate that each hemisphere of the 
brain became specialized for different processes, 
however, complementary in control of the processes 

responsible for the movements, this phenomenon 
probably occurred in order to reduce the execution 
time and energy expenditure associated with the 
transmission of information to the neural networks, 
thus each hemisphere contributes in a unique way 
in the control of a given task (Mutha et al., 2013; 
Tutkuviene and Schiefenhövel, 2013).

Other studies combining analysis of the 
trajectory of the hand, inter-joints coordination, 
electromyography and inverse dynamics have shown 
that several variables, kinetic and kinematics, can be 
used to infer the different strategies associated with 
reaching movements. Also these parameters can 
differ, when analyzing, for example, the dominant 
arm (right, in case of right‑handed people, and left, 
in case of left‑handed people) or the non-dominant 
arm. (Bagesteiro and Sainburg, 2002; Sainburg, 
2002; Sainburg and Kalakanis, 2000; Sainburg and 
Schaefer, 2004).

A relevant study (Gooderham and Bryden, 2014) 
followed children from 8 weeks to 10 years of age, 
where it was reported that children up to 3 years 
had mixed control of the upper limbs and that with 
the increase of the age, the child was developing a 
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preference for a particular arm. This property has 
been reported in several studies showing that, in 
children, the control of the parameters of the reaching 
movement is achieved in different stages (proportions) 
of development: for instance, the hand trajectory is 
“softer” and less variable with age, and inter-joint 
coordination becomes more consistent (Favilla, 2006; 
Ferrel-Chapus et al., 2002; Lambert and Bard, 2005; 
Rival et al., 2003; Schneiberg et al., 2002; Wilson 
and Hyde, 2013).

Likewise, studies in elderly using a variety 
of motor tasks established that many aspects of 
motor control are affected by aging, causing slower 
movement and less coordinated (Danion et al., 2007; 
Heuninckx et al., 2004; Holtrop et al., 2014; Lee et al., 
2007; Linortner et al., 2014; Yan, 2000). It is known 
that, with advancing of the age, a decline in the control 
and functioning of sensorimotor system emerges, 
which implies that elderly people often face great 
difficulties in interacting with the environment and 
perform simple daily tasks, thereby reducing their 
freedom and independence (Seidler et al., 2010).

These findings appear to imply on fundamental 
differences in the strategies of motor control in 
children, young and elderly. In fact, in a study 
of human arm movements (Yan, 2000), elderly 
shows motor programming and execution deficits 
when compare to young adults and older children. 
Therefore, there would be improvement of movement 
quality and control in the first years of life, reaching 
its apex in youth and becoming deteriorated in old 
age, this may be due to a reduction in hemispheric 
asymmetry for cognitive tasks, although further 
studies are necessary before anything can be stated 
with certainty (Przybyla et al., 2011). Nevertheless, 
young and older show different strategies to perform 
reaching movements. While the young group relies 
completely on visual information to execute the 
proposed task, the older group presented a greater 
reliance on feedback mechanisms (Bagesteiro, 2013).

An attempt to compare different levels of movement 
coordination and energetic efficiency during life is 
to estimate power values of a movement performed 
by representative subjects of each phase of the life 
(children, young and elderly). This analysis can help 
to identify different motor control strategies between 
such groups, since this quantity is directly related to 
the torque generated during the task. Apparently, in 
the energetic point of view, human beings tend to 
perform movements as economic as possible, i.e., 
the muscles do not perform more mechanical work 
than necessary to conclude certain motor tasks, 
thus having a lower metabolic cost (Zelik and Kuo, 

2012). As the power is associated with the movement 
efficiency (Arampatzis et al., 2000; Schepens et al., 
2001; Zelik and Kuo, 2012; Winter, 1983), it is 
possible to determine whether there is deterioration 
in the quality of the movement after the young stage 
of the subject. The analysis of these differences may 
provide relevant information that will help to improve 
the understanding of the changes in the motor system 
with advancing age.

In the present study, we applied inverse dynamics 
analysis to evaluate the torque and work performed 
by the arm (shoulder and elbow joints) generated 
during the reaching movement of subjects belonging 
to the three groups (elderly, young and children), in 
order to investigate changes in motor control related 
to development and aging. Movements were made 
to three different visual targets, with different joint 
excursion requirements. Thus, it was possible to 
examine how subjects from different age groups 
coordinated multidirectional reaching movements in 
the horizontal plane. In order to analyze movement 
coordination specific features of the movements were 
selected, both kinetic and kinematic.

It is expected that these analyzes assist the creation 
of new methods for examination of differences 
related to the development of mechanisms of control 
and motor coordination, which are essential when 
desiging specific techniques of physical activities 
directed to particular populations, as well as for 
patients’ rehabilitation.

Methods
Participants

Thirty-six participants were divided into three 
groups: children, young and elders. Subjects had no 
historical neurological problems and/or musculoskeletal 
diseases.

Subjects were all right-handed, based on the score 
obtained from a modified version of a thirty-four 
items of the Edinburgh Inventory (Oldfield, 1971), 
on this test several routine activities are proposed to 
the participants and, depending on their performance, 
a value is assigned, thereby, the handedness of a 
person can be quantitatively determined right-handed 
(dominant) or left-handed (non-dominant).

Participants were unaware of the purpose of the 
study, and received a brief description of the task. 
The study was approved by ethics committee (CEP/
UNIFESP/HSP, CEP/UNICID/0006.0.186.000-06) 
and all volunteers gave informed consent prior to 
participation. Table 1 summarizes the characteristics 
of each group.
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Experimental setup
The experimental setup applied in this study was 

identical to some previous studies (Bagesteiro, 2013; 
Bagesteiro and Silva, 2011; Bagesteiro and Sainburg, 
2002). Four magnetic 6-DOF motion sensors (Flock 
of birds, Ascension Technology, Shelburne, VT, USA) 
recording position and orientation of each arm segment 
were used to monitor the limb movement. Figure 1 
illustrates the experiment setup.

Sensors digital data was collected at 103Hz using 
a Macintosh computer through separated serial ports 
using custom software written in REAL BASIC TM 
(REAL Software, Inc.) and IgorPro TM (Wavemetrics, 
Inc.). Data was stored on disk for further processing 
and analysis.

Experimental task
Three targets were presented: “target 0” (T45) 

oriented 45º relative to the horizontal axis (i.e. requiring 
mostly elbow joint movements), “target 1” (T90) 
oriented 90° (requiring shoulder and elbow joints 
movements), and “target 2” (T135) oriented at 135° 
(requiring greater shoulder joint movement).

Before the start of each trial the cursor and start 
circle were displayed on the screen. To begin the trial 
the subject was required to hold the cursor within the 

starting circle and after a 300ms delay an audio-visual 
“go” signal and one of the three targets was displayed. 
Participants were instructed to move the finger to 
the target using a single, uncorrected, rapid motion.

Each subject was given a practice session (40 trials) 
to familiarize themselves with the task, followed by 
the real experimental task, where 90 (in case of young 
and elder) or 72 (in case of children) trials for each arm 
were performed, totaling 180 trials for the young and 
elder groups and 144 trials for the children. The linear 
distance between the targets and the starting position 
was 15-cm for young and elder and 12-cm for the 
children. Figure 2 shows the positions of the targets.

Kinematic data analysis

Elbow and shoulder positions and angles were 
calculated from sensors position and orientation 
data. All kinematic data were low-pass filtered at 
8 Hz using a 3rd order, no lag, dual pass Butterworth 
filter and differentiated to yield angular velocity and 
acceleration values.

Movement onset was determined by the last 
minimum (below 5% maximum tangential velocity) 
prior to the maximum in the index finger’s tangential 
velocity profile. Movement termination was defined 
as the first minimum (below 5% maximum tangential 
hand velocity) following the peak in tangential hand 
velocity.

With time and position data provided by the 
sensors fixed on the arm segments it was possible to 
determine the distance of the trajectory of the hand, 
and the value of maximum velocity and acceleration 
of the movement (obtained by differentiating the 
displacement data). Final position error was calculated 

Table 1. Summary of participants’ information

Variable 
(Mean±SD) Children Young Elder

Number (N) 12 12 12
Age (year) 9±1 22±3 71±4
Weight (kg) 33.7±7.6 71.9±13.1 69.8±13.3
Height (m) 1.30±0.10 1.70±0.10 1.60±0.10

Figure 1. Experimental apparatus (lateral and top view).
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as the distance between the index finger location at 
movement end and the center of the target location. 
Movement duration was defined as the elapsed time 
from movement start to movement end. The joint 
contributions to the initial acceleration phase of motion 
were quantified as the ratio of shoulder excursion 
to elbow excursion, measured at peak tangential 
hand velocity, thus it was possible to determine the 
differences between the movements to each target 
(T45, T90 and T135).

Kinetic data analysis

We used a planar 2-segment rigid body model 
to calculate the joint torques at the shoulder and 
elbow. In order to understand the kinetic basis the 
terms of the equations of motion at each joint were 
partitioned into three main components: interaction 
torque, muscle torque, and net torque (Bagesteiro 
and Sainburg, 2002; Bagesteiro and Silva, 2011). 
Interaction torque represents the rotational effect of 
the forces caused by the rotation and linear motion of 
the other segment. Muscle torque mainly represents 
the rotational effect of muscle forces acting on the 
segment. Nevertheless, muscle joint torque also 
includes the passive effects of soft tissue deformation 
and does not distinguish muscle forces that counter one 
another during co‑contraction. Net torque is directly 
proportional to the joint acceleration and is expressed 
by the sum of muscle and interaction torques.

The torques were computed and analyzed for both 
joints (shoulder and elbow) as detailed in (Bagesteiro 
and Sainburg, 2002 and Bagesteiro and Silva, 2011). 
Body weight and limb segments lengths were used to 
calculate limb segment inertia, center of mass location 
and mass (Winter, 2004).

As the distance between the movement start point 
and the target were different for the children group, 
all kinetic variables were normalized by multiplying 
the linear distance of movement (calculated for each 
trial) by the torque value, and dividing by the standard 
distance (15 cm in the case of older and younger, and 
12 cm in the case of children).

Shoulder and elbow joint power was calculated 
as the product of angular velocity and muscle torque. 
We also calculated the integral of muscle torque 
and joint velocity, i.e. joint work at the elbow and 
shoulder (for equations see Enoka, 2002). For each 
trial, muscle torque and joint angular velocity values 
were analyzed separately into positive (acceleration 
phase) and negative (deceleration phase) portions, in 
order to check the differences in energy absorption 
and generation of each movement. In addition, we 
were interested in the differences of joint power across 
directions and its relation with movement phases.

Statistical analysis
We examined the means of our kinematic and 

kinetic dependent measures using repeated-measures 
analysis of variance (ANOVA) (3 (Age) x 3 (Target) 
x 2 (Hand)) with one between-subject factor (Age: 
Children, Young, and Elder) and two within-subject 
factors (Target direction: 45º, 90º and 135º; and Hand: 
Right (D) and Left (ND)). Subjects were treated as a 
random factor and for all analysis, statistical significance 
was tested using an alpha value of 0.05 and Tukey 
honestly significantly different (HSD) post hoc analyze.

Results

Hand kinematics
Interestingly, both hands of each individual group 

moved at similar velocities for the different targets. 
Therefore we only illustrate typical velocity profiles for 
the right (dominant) arm of a representative participant 
from each group in Figure 3. It is apparent that the 
young group (mean ± SD) (T45: 1.38 ± 0.25m/s; 
T90: 1.08 ± 0.19m/s and T135: 0.85 ± 0.13m/s) 
moved faster than the elderly (T45: 0.79 ± 0.30m/s; 
T90: 0.62 ± 0.21m/s and T135: 0.51 ± 0.16m/s) and 
children (T45: 0.61 ± 0.14m/s; T90: 0.54 ± 0.13m/s 
and T135: 0.42 ± 0.08m/s). There was a main effect of 
group [P < 0.0001] and a group vs. target interaction 
[P < 0.0001]. Trajectory deviation showed similar effects 
(Group: P < 0.0001; Group vs. Target: P < 0.0001). 
Typical handpaths of a representative participant for 
the right (dominant) am from each group are shown 
in Figure  3 insets. Trajectory of the young group 
seems to be more directly to the target as compared 
to the elder and children group, which seems to be 

Figure 2. Target position throughout the experimental task.
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initially directed laterally, hooking back toward the 
target at the end of motion.

The consistency of these differences, across all 
groups, is shown in Figure 4A and 4B, which compares 
measures of peak tangential hand velocity (Figure 4A) 
and trajectory deviation from linearity (Figure 4B). 
The greater velocity of the young (Y: 1.10 ± 0.29m/s; 
E: 0.64 ± 0.26m/s; K: 0.52 ± 0.14m/s) group reflects 
in a reduction of the accuracy, once this group 
shows a significative greater error at final position 
[P = 0.0053; Y: 0.012 ± 0.019m; E: 0.005 ± 0.022m; 
K: 0.003 ± 0.021m], due to this effect the movement 
distance on this group is also significantly higher 
than the other groups [P < 0.0001; Y: 0.17 ± 0.02m; 
E: 0.15 ± 0.02m; K: 0.12 ± 0.02m]. There was also a 
significant group and hand interaction for movement 
distance [P = 0.0037] and error [P = 0.0002], showing 
that the elder and children groups had the worse 
error with their right (D) hand as compared with the 
left (ND) hand, therefore moving longer with those 
hands. Young adults presented interlimb differences, 
with greater errors and longer distances as compared 
to the other two groups. These effects are shown in 
Figure 4C and 4D.

Figure 4E and 4F show means (±SE) movement 
duration (4E) and acceleration duration (4F) across 
subjects for each target in each group. Consistent 
with these plots, our ANOVA revealed that there 
was a significant main effect of group [P = 0.0005], 
with longer times for the elder group (0.65 ± 0.19s) 
relative to children (0.61 ± 0.12s) and the young group 
(0.44 ± 0.11s). There was also a significant interaction 

between group and hand [P = 0.0164], such that the 
duration of movements for the left (ND) hand of 
children and elder subjects were significantly longer 
than the right (D) hand, whereas the young group 
showed similar duration for both hands. In addition, 
acceleration duration showed a significant main 
effect for group [P = 0.0052], indicating that the 
young group (0.15 ± 0.05s) spent less time in the 
acceleration phase of the moveent as compared with 
elderly (0.24 ± 0.09s) and children (0.23 ± 0.08s). 
There was also a significant interaction between 
hand and group [P = 0.0037], indicating that the left 
(ND) arm of the children (0.25 ± 0.08s) and elderly 
(0.26 ± 0.10s) groups had the longest acceleration 
phase compared to the right (D) arms (K: 0.21 ± 0.07 s; 
E: 0.23 ± 0.08s), whereas the young group showed 
similar phases for both hands (0.15 ± 0.05s).

Hand kinetics

Representative joint torque profiles for each age 
group are presented in Figure 5. Elbow and shoulder 
muscle torque profiles are shown from movement 
initiation to 350ms following movement initiation. 
Positive values indicate flexor torque; negative values 
indicate extensor torque. Paying attention to the first 
150ms of the movement the pattern of the torque 
profiles was comparable to all groups. At the elbow 
joint (dashed lines), muscle torque showed decreasing 
extensor phases as target direction moved towards 
the medial line (increasing the amount of shoulder 
motion), whereas shoulder muscle torque (solid lines) 
started with an extensor phase and gradually changed 

Figure 3. Tangential velocity profiles for representative subjects from each age group (A=Elder, B=Child and C= Young). (Insets) Hand path 
trajectories for movements toward the three different targets, ‘S’: start location (displayed at the same coordinate system).
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to a flexor phase. We quantified the initial peak joint 
muscle torque across groups. Elderly and children 
showed no significant differences between left (ND) 
and right (D) arms, whereas the young group presented 
significantly higher values for the right (D) arm. Our 
ANOVA revealed a significant main effect of group on 
initial peak shoulder [P = 0.0453] and elbow [P < 0.0001] 
muscle torques (see Figure 6A and 6B). At the elbow 
joint the young group showed greater peak flexor 
muscle torque (3.75 ± 2.47Nm) as compared to the 
elderly (1.85 ± 1.51Nm) and children (1.04 ± 0.69Nm). 
Also, there was an interaction between hand and 
group for peak elbow muscle torque [P = 0.0421] 
showing that peak torques for the left (ND) arm of 

the young group (4.03 ± 2.45Nm) are significantly 
higher than the right (D) arm (3.48 ± 2.46Nm) while 
the elderly and children groups had no significant 
interlimb differences. As expected, at the shoulder 
joint, the young group produced greater muscle 
torques and there was a group vs. hand interaction 
[P = 0.0009] showing that peak torques for the right 
(D) arm (2.72 ± 2.38Nm) are significantly higher 
than the left (ND) arm (1.63 ± 1.51Nm) whereas the 
elderly and children groups presented no significant 
interlimb differences.

These findings were confirmed with the measures 
of joint muscle torque impulse (average ± SE), 
calculated over the acceleration duration as shown 

Figure 4. Kinematic comparisons between groups (E: Elder, K: Children, Y: Young), targets (45, 90, and 135) and hands (right (R) and 
left (L)). (A): Peak Tangential Hand velocity; (B): Trajectory Deviation from linearity; (C): Movement Distance; (D): Distance Error from 
the Target; (E): Movement Duration; (F): Acceleration Phase Duration.
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in Figure 6C (elbow) and 6D (shoulder). There was 
a significant difference between groups for elbow 
[P < 0.0001] and shoulder [P < 0.0001] impulses. 
Moreover, there was a significant interaction between 
hand and group [P = 0.0074] for shoulder impulse 
revealing that the young group had greater impulse 
for the right (D) arm (0.24 ± 0.38Nms) as compared 
to the left (ND) (0.17 ± 0.37Nms), while the elderly 
and children groups showed no significant difference 
between hands. We found strong hand-group interaction 
at the shoulder joint parameters emphasizing interlimb 
differences for the young but not for elderly or children. 
These results suggested that the lateralization shown in 
young subjects might not yet be evident at childhood, 
and that it may be reduced with aging. However this 
was not so notably evident at the elbow joint indicating 
that interjoint coordination might be greatly related 

to synchronization of upper and lower arm segments. 
In conclusion, joint torques increase significantly with 
intersegmental coordination in young adults, while 
remaining comparable in older adults and children.

Figure 6E and 6F show the work (means±SE) 
perfomed by the muscles of the arm calculated to each 
joint. Positive (Figure 6E) and negative (Figure 6F) 
values of work represent the energy flow during the 
arm movement (Enoka, 2002).

A significant difference was shown among groups 
when analyzing the work done [P < 0.0001] to all cases. 
The young group presented the highest positive (Elbow: 
0.47 ± 0.25J; Shoulder: 0.48 ± 0.44J) and negative values 
(Elbow: -0.42 ± 0.21J; Shoulder: -0.33 ± 0.30J), whereas 
children (Elbow: 0.11 ± 0.08J; Shoulder: 0.11 ± 0.07J; 
Elbow: -0.13 ± 0.10J; Shoulder: -0.06 ± 0.04J) and 
elderly (Elbow: 0.21 ± 0.18J; Shoulder: 0.22 ± 0.16J; 

Figure 5. Muscle torque profiles for a representative subject from each group: (A) Elder, (B) Young, (C) Child; ND = left (L), D = right (R); 
T45 = red, T90 = blue, T135 = green; Shoulder = solid line, Elbow = dashed line.
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Elbow: -0.22 ± 0.19J; Shoulder: -0.12 ± 0.13J) groups 
showed lower values. There was an interaction effect 
between group and target [P < 0.0001] for all calculated 
work intervals. These findings suggest that shoulder 
and elbow work differed across movement directions, 
which is in agreement with the experiment design; 
the three targets demanded different movements in 
terms of directions and hand-paths curvatures, which 
consistently reflected in the elbow and shoulder joint 
coordination patterns. The orderly variation of the 
intersegmental coordination requirements between 
targets revealed in different responses in the forces 

transferred from the arm through the upperarm on 
each group tested, i.e. the young group showed a 
similar interjoint coordination during the acceleration 
phase as compared with the deceleration phase. Elder 
and children groups showed slightly less degree of 
associantion between elbow and shoulder joints.

Discussion
The purpose of the current study was to investigate if 

motor coordination, as defined by particular movement 
parameters, changes over certain age stages across the 

Figure 6. Kinetic comparisons between groups (E: Elder, K: Children, Y: Young), targets (45, 90, and 135) and hands (right (R) and left (L)). 
(A): Elbow Muscle Torque Peak; (B) Shoulder Muscle Torque Peak; (C): Elbow Muscle Torque Impulse at Peak Velocity; (D) Shoulder 
Muscle Torque Impulse at Peak Velocity; (E): Positive Work; (F) Negative Work.
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lifespan. Although there are some studies comparing 
reaching movements’ strategies, little has been said 
about how this strategy behaves throughout the human 
life. We examined multidirectional reaching in three 
different age groups (children (9-12), young (19-24), 
and elder (65-80) years-old) in order to follow the 
development of those motor capabilities that might 
be influenced with age. In our task, subjects were 
instructed to aim at visually presented targets, starting 
to move as soon as possible after an audio-visual 
signal, with a single, fast and uncorrected movement. 
One of three possible targets appeared at a specific 
distance and direction from the start circle. Subjects 
were asked to avoid correcting their trajectories, and 
they had no visual feedback during movement, so that 
subjects were not tempted to correct their trajectories 
while performing the movement.

While the task and some of the analyses used 
in the present study are similar to our previous 
paper (Bagesteiro and Silva, 2011) it is important 
to emphasize that our recent work has extended our 
investigation by looking at differences in patterns of 
joint power and work during reaching movements in 
the horizontal plane. Moreover, consistent patterns 
of joint power underlie coordinated upper extremity 
behaviors suggesting that the neuromotor control of 
these joints may change as a general feature of reaching 
movements at different age stages. This could have 
significant consequences for the study of reaching 
impairments in neurorehabilitation populations.

The young group presented the faster and straighter 
movements during reaching but, as expected, these 
characteristics resulted in a lower accuracy. The velocity 
profile of this group showed narrower peak, which 
reinforces the idea of a straight movement and fewer 
direction changes. Children and the elderly seem to 
start movement with a more curved trajectory (laterally 
directed), hooking back toward the target at the end of 
motion. Such strategy can demonstrate an alternative 
to the lack of speed (not yet fully developed in the 
case of children and deteriorated in the case of the 
elder) in performing the movements. Also trying to 
get a more precise, however less energetic efficient 
movement.

The three targets showed different joints interactions 
within groups, but only children had significant 
differences, which may indicate that this joint ratio 
is maintained with advancing age but is not fully 
developed early in life.

Torque profiles were similar in the three groups, 
however, there was great different on the waveform 
displayed for each target. Torque and work values 
were higher for the young group and had similar 
values for children and the elderly. This could be 

associated with a greater exchange of energy, which 
may indicate a decline in performance related to 
motor tasks with advancing age.

Our findings are in line with previous studies on 
motor development in children (Ferrel-Chapus et al., 
2002; Heineman et al., 2010; Lambert and Bard, 2005; 
Olivier et al., 2007; Rival et al., 2003; Sveistrup et al., 
2008). Additionally, the joint relationships distinctions 
might be representing an initial acquisition of an 
adult-like trajectory motion. Previous researches 
showed indication that in conditions in which speed 
is emphasized, young and elderly adults can move at 
similar speeds without sacrificing accuracy; suggesting 
partially strategic changes employed by older adults 
to maintain accuracy of performance (Enoka et al., 
2003; Francis and Spirduso, 2000; Paizis et al., 2008; 
Pohl et al., 1996; Semmler et al., 2006). Our results 
suggest that shoulder and elbow power typically 
differed largely between young and the other two 
groups. The young group showed distinctive effect 
across targets, shoulder and elbow work values were 
positive or negative (i.e. for each direction, shoulder 
and elbow either generated or absorbed energy) 
dependent largely on movement direction. In contrast 
children had a milder and mixed effect (more similar 
values across directions), and elderly presented lower 
values but consistent response. Another important 
observation is that elbow power tended to linearly 
correlate to the target direction variation, but this was 
not as evident for shoulder power.

Previous studies have shown that young subjects 
present interlimb differences for the kinematics and 
kinetics patterns (Berret et al., 2011; Graham et al., 
2003; Mistry et al., 2013) in the sagittal plane varing 
with movement direction. Here, we extended these 
observations on interlimb coordination and kinetics 
patterns by showing that elder and children groups 
do not exhibit the asymmetrical pattern between 
limbs. Moreover, this finding suggests that these 
specific populations display altered joint kinetics 
integrating the mechanical effects and generating 
motor plans that yet minimize the energetic cost 
of the movement. Also, they could express a more 
prolonged motor planning that reflects the integration 
of various objective functions related to kinematics 
and dynamics. And  the fact that they adjust their 
behaviour to optimise energy expenditure can be 
used to help understand the breakdown of efficient 
limb control due to aging.

These findings may indicate that learning reaching 
movements by acquiring an internal motor model of 
limb dynamics could be achieved during development, 
however an analysis involving different tasks and/or 
a larger number of participants may help to further 

231Res. Biomed. Eng. 2016 September; 32(3): 223-233



Silva MV, Bagesteiro LB

consolidate this finding. One possible suggestion 
from this data is that some aspects of the coordination 
and control of a motor task may appear in early life, 
further develops in adulthood and deteriorates in old 
age. The fact that elbow and shoulder kinetics were 
not so different across directions for the children 
data may suggest the initial development at early 
age, although this cannot be conclusively determined 
from the current data.
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